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Isolation of Physcion from Ditremexa occidentalis, 


By NYDIA M. KING 


Physcion or 3-methyl-6-methoxy-1,8-dihydroxy anthraquinone, m. p. 207°, has been 

isolated from the petroleum ether extract of the seeds of Ditremexa occidentalis, L. 

The isolation and identification procedures are described, as well as the preparation 

of the diacetate, the mononitro derivative, and of physcion anthranol B. The iden 

tity of the isolated material as physcion was established by the determination of a 

mixed melting point with a known sample from another source. Paper chromato- 
grams were run and the R, values were determined. 


| Dae MEXA OCCIDENTALIS, L. (Cassia occi-  peritoneally rhey also reported the presence 
dentalis, L.), Senna family,isa shrub which of a yellow-brown semisolid, resins, tannins, 
grows in Puerto Rico, Southeastern United carbohydrates, and fatty acids It seemed 
States, Mexico, and Old World tropics (1). It desirable to effect a more thorough chemical in 
is commonly known as stinking weed, coffee vestigation of the seeds. Part of this work is 
senna, and wild coffee. In Puerto Rico the reported in this paper 
seeds have been used as a coffee substitute or Extraction of the seeds with organic solvents 
adjuvant, while the leaves have been used as a_ by the author revealed the following: petroleum 
carminative ether extract 2.01 per cent, ethyl ether extract 
As regards the toxicity and chemical con- 0.63 per cent, absolute alcohol extract 2.80 per 
stituents, the plant has been shown to contain cent, chloroform extract 0.29 per cent. From 
a toxic albumin which can be detoxicated en- the petroleum ether extract physcion, m. p 
tirely or partly through the action of formol (2) 207°,' was obtained, yield 0.01 per cent By 
Bruere (3) reported the presence of chrysarobin qualitative analysis the presence of reducing 
in the benzene extract of the seeds. Steger and sugars, a fatty oil, and acidic substances was de 
his co-workers (4) have given the composition tected and the absence of alkaloids was estab 
and constants of the oil obtained from the seeds. _ lished. 
Valeri and others (5) showed that the oil obtained Physcion is widely distributed in nature in 
by extraction of the seeds with petroleum ether plants of very different types. It has been 
was nontoxic to guinea pigs when injected intra known for many years, formerly under the name 
parietin, as one of the so-called lichen acids oc 
* Received May 4, 1956, from the College of Pharmacy, . : » ¥ : . ‘ 
Siateesnier of Paatte Ries. Rin Maden curring especially in several species of Xan 
The author expresses her appreciation to Dr. L. B. Lath- 
roum for valuable suggestions in carrying out this work, to 


Dr. Sankara Subramanian for supplying a sample of pure 
physcion and to Dean L. Torres Diaz for his cooperation All melting points are uncorrected 


thoria and Placodium (6 
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EXPERIMENTAL 

Nine kilograms of the air-dried seeds of Ditremexa 
dentalis, I for two 
weeks and then crushed in a drug mill Ihe crushed 
iterial in lots of two kilograms was extracted with 
petroleum ether (b. p. 30°—60°) in a percolator until 
This required about 


was kept in an oven at 60 


the menstruum was colorless 
gallons of solvent for 
ether extract was filtered and the filtrate, 
was concentrated to a volume of about 250 ml 


illowed to stand 


three each lot rhe pe 
troleum 
and 
until an oily 
On further standing the oily 
granules 
material was removed by filtration, 
ether and air-dried; its 
After 


it was obtained 


it room temperature 
residue was obtained 


residue deposited reddish crystalline 


stalline 
with 


rhis ery 


washed petroleum 


melting point was 205°—220 several re 


tallizations from chloroform, 
" short needles 

Compound I was insoluble 
soluble in ether, alcohol, and 
moderately soluble in 


chloroform and 


orange colored compound ] 
which melted at 207 
in water, sparingly 
petroleum ether 


ind soluble in 


acetone; 
benzene It 
ind in cold dilute 
dium carbonate, but soluble in 5°, caustic alkali 


forming a ruby-red 


was 
insoluble in 5°) hydrochloric acid 
solution It dissolved in con 
centrated sulfuric acid producing a deep red solution 


from which an yellow material was ob 


imorphou 
upon dilution This material 
recrystallization from chloroform was obtained 
needles Compound I 
contained only carbon, hydrogen, and oxygen and 


Limes with water 
ifter 
is orange melting at 207° 
gave no color tests for sterols with the usual reagents 
When mixed with fuming nitric acid the mixture 
was red-brown, changing to violet when a few drops 
idded The color re 
to those of the 
compounds and deriva 


f ammonia solution were 


ictions observed were comparable 
trihydroxy anthraquinone 
tives which are given the collective name of emodin 
Of these, 
ther iquinone or 
close st 
Inal 
Found: C, 67.12; 
rhe diacetate 
i reduction product were prepared as follows: 
Acetate Derivative.——Fifty 
pound I in 2.5 ml. of acetic 
of concentrated sulfuric 


}-methyl-6-methoxy-1,8-dihydroxy an 


physcion, m. p. 207°, showed the 
similarity 

Caled for CygHpO 

H, 4.45 
ind mononitro derivatives, as well 
milligrams of com 
inhydride and two drops 
acid was refluxed for a few 
poured into 
overnight The 

recrystallized 

wcetic acid, and yellow needles, m. p. 187 


minutes, cooled slowly, 75 ml. of water 
ind allowed to stand 


yellow solid 


from glacial 


, were ob 


which separated was 


tamed rhe melting point previously reported for 


physcion diacetate is 186°-187° (7 
Reduction Product.—Fift) 
und | Ived 


was di soived im 7 
icetic acid and 250 mg. of zinc 


milligrams of com 


5 ml. of boiling glacial 


dust was added in 


until the reduction was complete 


zinc wa moved and the acetic acid 
w needles, 


B, is pre 
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Mononitro Derivative. — lift) 
pound I was boiled with 5 ml. of nitric acid (sp. gr 
1.42) for a few After cooling rapidly, a 
crystalline orange powder was obtained which after 
being washed with nitric acid, then with water and 
finally dried, melted at 216°-217 
mononitro derivative 
ported by Perkin (9 
Mixed Melting Point Determination. 
of pure physcion,? m. p. 206.5 
m. p. 207°, melted at 206.5 
Determination of the R, Values. Paper chroma 
tograms of compound I and pure physcion were run 
method 


milligrams of com 


minutes 


The physcion 
melts at 215°-217° as re- 


A mixture 
, and compound I, 


according to the general 
Shibata (10 A 
solution of each sample was spotted on separate 
2cm. x 40cm., Whatman No |! 


The development was carried out in a well-closed 


simultaneously 


described by saturated acetone 


filter paper strips 


glass cylinder (60 cm. in height and 30 cm. in diam- 
for about eight hours at 25°-30 
troleum ether (b. p. 30°-60°) saturated with 97° 
methanol as solvent. After air drying, the devel 
oped paper strips were spraye d with a 0.5% solution 
of magnesium acetate in methanol and heated at 
90° for five minutes. Orange-pink spots were pro 
duced in all the strips. The Ry values calculated 
for physcion and for compound I varied from 0.87 
to 0.89. Shibata (10) reported an Ry of O.89 
for physcion 


ever) using pe 


value 


SUMMARY 


Ditreme va occidentalis 


The 


were extracted with organic solvents 


seeds of 


2. Physcion or }-methyl-6-methoxy-1,8 
dihydroxy anthraquinone was isolated from the 
identified by 


petroleum ether extract. It was 


preparing the diacetate, mononitro, and an 


thranol B derivatives; by a mixed melting poimt 
determination with physcion from another source 
and by determining the R, values of the isolated 
material and of a known sample of physcion 


Sankara Subramanian 
Waltair, India 


? Received from Dr 
Pharmacy, Andhra University 


Department of 
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Thiol Esters and Ethers of Cysteine’* 


By WILLIAM O. FOYE? and MATTHEW VERDERAME? 


Thiol esters of L-cysteine have been prepared from either N-carbobenzyloxy-L-cysteine 


or N-formyl-L-cysteine by using two-phase reaction mixtures. 
groups were removed by nonhydrolytic cleavage with hydrogen bromide. 


The carbobenzyloxy 
Thio 


ethers of L-cysteine base were obtained by alkylation in a two-phase reaction and 


were obtained uncontaminated with N-alkyl products. 


One compound, the car- 


boxymethyl thio ether, showed slight antiviral activity. 


HE FORMATION of esters of the thiol group of 
cysteine and glutathione has been shown to 
Racker 


gly t xalase 


a reaction of biological importance 
that 
the intermediate formation of a 


| for instance, has shown 
enzymes act by 
Lynen (2) has also 
that the 


activated 


thiol ester of glutathione 


provided evidence combination of 


coenzyme A_ with acyl groups 1s a 
he acyl transfer function 
A in fatty acid 
metabolism has been reviewed by Novelli (3) 


With the that 
blocked thiol group might become incorporated 


thiol ester linkage 


f the thiol-containing coenzyme 


assumption cysteine with a 


into enzyme systems and interfere with their 


normal functioning, the synthesis of a series of 
thiol 


taken 


esters and ethers of cysteine was under 
Blocked thiol groups could conceivably 
interfere with the reproduction of microorgan 


isms or virus particles. During the course of 


this work, however, announcement was made of 


the existence of thiolesterases in mammalian 
tissues capable of hydrolyzing thiol esters of glu 
tathione (4 [his discovery implies that thiol 
esters of cysteine might be unsuccessful as anti 


bacterial or antiviral agents The outstanding 


antitubercular effects of a series of ethylmer 
capto compounds, and S-ethyl-L-cysteine in par- 
ticular, has however been recently reported (5 


METHODS OF PREPARATION 


The only thiol ester of cysteine known to have 
reported is N,S-diacetyleysteine (6). In 
order to prepare thiol esters of cysteine without 
icylating the nitrogen, it was first necessary to block 
the amino group rhe carbobenzyloxy group ap 
peared to be a logical blocking agent, but no men 
tion of carbobenzyloxycysteine could be found in 
the literature \ttempts to prepare this compound 
in the usual manner from carbobenzyloxy chloride 
and either the sodium salt of L-cysteine or ethyl 


been 


* Received September 27, 1956, from the School of Phar 
macy, University of Wisconsin, Madison 

Abstracted from a thesis submitted to the Graduate School 
of the University of Wisconsin by Matthew Verderame for the 
degree of Doctor of Philosophy, August, 1955 

t Present address Massachusetts College of Pharmacy 
Boston 

t Present address 
University, Albany, N 


Albany College of Pharmacy, Union 


The com 
yield by a 


cysteinate hydrochloride were 
pound was obtained, however, in 80° 


negative 


chemical reduction of dicarbobenzyloxy-L-cystine 

For the preparation of fatty 
L-cysteine, 
of ether 
iqueous 


wid thiol esters of 
a method employing a two-phase system 
and water found 
alkaline solution of 
cysteine was treated with an ether solution of the 
fatty acid chloride, and the group 
removed by a nonhydrolyti with 
hydrogen bromide in glacial This 
step avoided catalytic hydrogenolysis of a sulfur 
containing compound, which generally 

poisoning of the catalyst Attempts t 


successful An 
carbobenzyloxy 


was 


carbobenzyloxy 
was cleavage 
acetic acid 
results in 
prepare 
a halogen acid esters of cysteine with a-chloro 
and trichloroacetic acids 
gave products that were not successfully purified 
lhe hydrobromides of the fatty acid thiol esters 
of cysteine which were obtained were 
recrystallized from 95°), ethanol, but 
changes on further purificaton attempts 
recrystallizations from alcohol, for 
creased the melting points, while recrystallization 
from acetic acid gave compounds with higher and 


broader melting ranges 


icetic, a-chloropropionic, 


successfully 
underwent 

Further 
instance, de 


hese facts suggest that 
ethanol, 
and partial decarbobenzyloxylation occurs in acetic 


onc 
in Yo, 


esterification occurs on heating 
acid 

Preparation of the thio ethers of cysteine 
easily carried out in aqueous suspension from L- 
cysteine and alkyl halides in the presence of triethyl 


amine 


was 


his reaction is possible because the mer 
capto group of cysteine is alkylated more readily 
than the amino group (13 Evidence for S-alkyla- 
tion without N-alkylation in the purified products 
was obtained by a thiol group 
with lead acetate and the Grote reagent (7), both of 
which are sensitive tests, and positive tests for a pri 
mary amino group and negative tests for a second 
ary amino group by diazotization Furthermore, 
potentiometric assay of S-ethyl-L-cysteine gave a 
result consistent with a primary 


negative tests for 


amine. Previous 
methods of preparation for the thio ethers reported 
here have not been accompanied by proof that the 
products were uncontaminated with N-alkyl deriva 
tives. Brenzinger (14), however, showed that ethyl 
mercaptan was liberated on alkaline cleavage of 
S-ethylcysteine, but he also reported a much lower 
melting point (226-228°) than those subsequently 
reported for this compound (11, 15 

An a-amino acid ester of N-formyl-L-cysteine was 
prepared with carbobenzyloxy-p.L-phenylala 
nyl chloride An improvement of the method of 
Fruton and Clarke (8) for preparing N-formyl-1 


also 
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cysteine was made by reducing diformyl-L-cystine 
hydrochloric acid rhis ester 
ilso formed by vigorous shaking of an ether-water 


reaction mixture, and the hydrogen bromide cleavage 


with zine and was 


of the carbobenzyloxy group was successful without 
rupture of the thiol ester linkage 


BIOLOGICAL RESULTS 


in mice infected 
with influenza and encephalitis type viruses at the 
Lilly Research L 
S-isopropyl-L-cysteine, 


(Antiviral tests were carried out 


iboratories.' S-Ethyl-L-cysteine, 
S-lauroyl-L-cysteine hydro 
S-pL-phenylalanyl-N-formyl-L-cys 
hydrobromide found ineffective for both 
S-Carboxvmethyl-1 
slightly effective in mice 


bromide, and 


tein were 


types of virus cysteine was 
infected with the enceph 


ilitis strain, however 


EXPERIMENTAL 


rhe carbon 
letermined by the Clark 
Microanalytical Laboratory, Urbana, Ill, or by 
Weiler and Strauss, Oxford, England, 
Dicarbobenzyloxy-.-cystine. 
vield by the 


rhe melting points are uncorrected 


hydrogen analyses were 


This compound was 


prepared in 59% original carbo 
of Bergmann and Zervas 


sharp m. p. at 128 with the re 


benzyloxylation procedure 
9 A 
corded value 

Carbobenzyloxy-.-cysteine..In a 
(0.02 mole) of 
oxy-L-cystine, 5.2 Gm. (0.08 mole) of zinc dust, and 
65 ml. of methanol After addition of 50 ml. of 
2 N sulfuric the flask was heated at 65° for one 
ind one-half hours with occasional shaking rhe 
mixture filtered into a 250-ml 
flask and distilled under reduced pressure 
separation of inorganic salt rhe residue 
was extracted with three 50-ml. portions of ether, 
dried anhydrous sulfate 
ind allowed to evaporate rhe residual oil 
wus crystallized from carbon tetrachloride, giving an 
80°, yield of melting at 78-79.5 Re 
crystallization from chloroform-Skellysolve B gave 
i product melting at 78.5-80 

tnal.—Caled. for C),H NOS 
5.13: S, 12.56 Found: C, 
12.40 

S-Lauroyl-.-cysteine Hydrobromide.—In a 400 
ml. bottle provided stopcock 
0.02 carbobenzyloxy-L-cysteine, 

(0.05 mole) 

portions. After 
cence had ceased, the bottle was placed in an ice 
4.4 Gm. (0.02 mole) of lauroyl chloride 
Eastman Organic Chemicals) in 50 ml. of ether was 
udded rhe mixture for three hours 
with the stopcock opened at intervals to release 
the carbon which formed 
the amorphous 
product between the ether and aqueous phases 

The cold mixture was then acidified to pH 2 with 
dilute 
eparated and extracted with two 50-ml. portions of 
rhe ether dried 


igreed 


250-ml. flask 


was placed 10 Gm dicarbobenzyl 


cid, 
warm was then 
Claissen 
until the 
over sodium 


which were 


sk Ww ] y 


product 


51.58 


with a was placed 


5.0 Gm mole) of 
50 ml 


bicarbonate in 


of sodium 
efferves 


of water, and 4.2 Gm 
small 


bath, and 
was shaken 


dioxide rhe emulsion 


disappeared on standing, leaving 


hydrochloric acid rhe aqueous layer was 


ether combined extracts were 


are indebted to Dr K. K 
re its of the antiviral 


Chen and W. S 
cTee ning 
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over anhydrous sodium sulfate and evaporated by 
warming gently under a stream of nitrogen \ 
yellow oil resulted which crystallized from aqueous 
ethanol, m. p. 4-6 

The oil was treated with 50 ml 
acid previously saturated with hydrogen bromide 
\ drying tube was attached to the flask, and the 
reaction mixture was allowed to stand overnight 
The decarbobenzyloxylated product was isolated by 
centrifugation, washed with anhydrous ether, and 
recrystallized from ethyl vield of 
1.1 Gm (15°) of S-lauroyl-L-cysteine hydrobro 
mide was obtained; m. p. 116-117 
Caled. for Cy,HaNOoSBr: S,8.34 


of glacial acetic 


alcohol, and a 


I nal Found 
S, 8.45 
S-Myristoyl-._-cysteine Hydrobromide.——This 
compound was prepared in the same fashion as the 
(0.02 mole) of 
(0.05 


S-lauroyl derivative, using 5.0 Gm 


carbobenzyloxy-.L-cysteine, 4.2 mole 

of sodium bicarbonate, and 4.9 Gm. (0.02 mole) of 
chloride (Eastman Chemicals) 
The oil which was isolated was treated with 50 ml 
of glacial acetic acid saturated with hydrogen bro 
mide and allowed to stand for three hours at room 
temperature. After centrifugation and washing 
with anhydrous ether, the product was recrystal 
lized from ethyl alcohol; m. p. 113-114 Further 
purification resulted from several extractions with 
boiling acetone, after which the insoluble material 
melted at 118-119 The vield was 1.4 Gm. (15°, 

of S-myristoyl-L-cysteine hydrobromide 

Caled. for C;;H;,NO,SBr: S, 7.77 


Gm 


myristoyl Organic 


inal Found 


S, 7.70 

S-Carboxy methyl-.-cysteine.—— This 
was prepared in 74°) yield from L-cysteine and 
chloroacetic acid according to the method of Mi 
chaelis and Schubert (10); m. p. 177-178° (lit. m 


p. 175-176 


compound 


This 
the procedure of 


S-(1-Carboxyethy] )-.-cysteine. 
was also prepared by 


compound 
Michaelis 
and Schubert (10) for S-carboxymethyl-L-crysteine 
From 6.0 Gm. (0.05 mole) of 
(0.107 mole) of potassium hydroxide in 25 ml. of 
water, 3.8 Gm. (0.045 mole) of pL-a-chloro 
propionic acid $0 Gm. (46° yield 
of product melting at 174-175 It was recrystal 
lized from its hot aqueous solution by addition of 
ethanol to the point of turbidity, and dried at 56 
1 mm.) for ten hours 

inal Caled for 
5.74 Found: C, 36.79; 

S-Ethyl-_-cysteine.--A 
(0.05 mole) of L-cysteine, 25 ml 
(0.05 mole) of ethyl bromide, and 13.8 ml. (0.10 
mole) of triethylamine refluxed with stirring 
for two and one-half hours. By this time the mix 
ture had become homogeneous. After cooling, it 
was acidified to pH 4 with 20% hydrochloric acid 
and the resulting white precipitate was filtered. The 
product was recrystallized by filtering a hot aqueous 
mixture and adding ethanol to the filtrate until 
turbid After thorough drying (56° at 1 mm.), 4.0 
Gm. (55° yield) of product was obtained which 
decomposed at approximately 250 Clarke and 
Inouye (11) reported a decomposition point of 260 
for S-ethyl-L-cysteine 

tnal._—Caled. for C;H,, NOS: C, 
Found: C, 39.97; H, 6.32 


L-cysteine, 6.0 Gm 


and 
was obtained 


CsH,, NOS 
H, 5.25 

mixture of 6.0 Gm 
of water, 3.8 ml 


was 


H, 7.43 


10.25; 
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\ sample of 30.8 mg. neutralized 1.39 ml. of a 
0.1458 N solution of perchloric acid in glacial acetic 
icid in a potentiometric titration 
Anal.—Caled. for C;H,,NO.S: 
Found: NHg, 10.538 
S-Isopropyl-._-cysteine. —A 
0.05 mole) of 1 4.6 ml. (0.05 mole) of iso 
propyl bromide,13.8 ml. (0.10 of triethyl 
und 25 ml. of water was refluxed with stir 
ring for four hours. It was cooled and extracted 
with 25 ml. of to remove a small amount of 
impurity solution then 
acidified to pH hydrochloric acid, and 
the precipitate filtered, washed with 
water, and recrystallized from aqueous ethanol 
\ yield of 2.5 Gm. (31°)) was obtained of S-iso 
propyl-L-cysteine, which decomposed at 238° with 
previous browning 
Anal.—Caled. for C.sH 
Found: C, 44.66; H, 8.26 
Diformyl-.-cystine.—This 
pared by the method of du Vigneaud (12) for di- 
cystine. A 63° yield of white prod 
was obtained which began to decompose at 
and effervesced at 185 The product was 
by potentiometric titration 
inal.—-Caled. for CysH»O<gNeS: 
Found: 2CO.H, 30.85 
N-Formyl-.-cysteine..-A_ mixture of 
0.1 mole) of diformyl-L-cystine, 65 ml 
hydrochloric acid, and 300 ml 
with 


NHe, 10.74 


mixture of 6.0 Gm 
cysteine, 
mole) 
imine, 


ether 
rhe aqueous 
4 with 20% 


oily was 


white was 


NOS: C, 44.15; H, 8.03 


substance was pre 
formyl-pt 
uct 
166 
iss ived 
2CO.H, 30.30 
28.8 Gm 

of 10°; 
of water was treated 
of zinc dust with stirring 

After twenty minutes, 
the and the mixture was 
stirred at room temperature for four hours. After 
filtering, the filtrate was chilled, and a 20° solution 
of sodium hydroxide was added dropwise until a pH 
of 8 was reached The precipitate was collected on a 
sintered glass funnel, and the filtrate was concen 
trated to a small volume under reduced pressure 
\cidification of the solution pH of 
1.5-2 with 50°, sulfuric acid precipitated 8 Gm. of 
product 

rhe the 
chilled and treated with 25° sulfuric acid to give a 
pH of 1.5. An additional 12 Gm. of product was 
obtained, and the combined crops were recrystal 
lized from water A vield of 19 Gm. (66%) of 
N-formyl-L-cysteine was obtained which melted at 
137-138° with effervescence 

Anal Caled. for C,H;NO,S: 
1.73 Found: C, 32.35; H, 4.26 

In an iodometric assay, 34.62 mg. of compound 
used 2.0 ml. of 0.1166 N iodine solution. The solu 
tion had to be kept cold (0°) during the titration for 
accurate results 

Anal.—Calcd. for CsH;NO;S: 
SH, 22.25 

Carbobenzyloxy-p.-phenylalanine.—-This 
prepared by the procedure of Bergmann and Zervas 
(9) in 77% yield; m. p. 102-103°, which agrees with 
the reported value (9 

S- pt - Phenylalanyl - N - formyl - . - cysteine 
Hydrobromide.--Carbobenzyloxy - pt - phenylalanyl 
chloride was prepared from 8.1 Gm. (0.027 mole) 
of carbobenzyloxy-p.i-phenylalanine and 6.8 Gm 
(0.032 mole) of phosphorus pentachloride in 100 
ml. of ether contained in a 250-ml 
glass-stoppered bottle rhe bottle was kept in 


15 Gm. (0.23 mole 
bath temperature 


icebath wes 


at ice 
removed, 


cooled to a 


residue in sintered glass funnel was 


C,. g220; i, 


SH, 22 17 Found: 


was 


anhydrous 
an 


EDITION 


ice bath at 0° with occasional shaking and removal 
of the stopper to release hydrogen chloride. After 
thirty minutes, the yellow solution was filtered, and 
the filtrate was shaken with cracked ice and water 
in a separatory funnel 
In a 400-ml. shaking bottle cooled by an ice bath 
was placed 3.6 Gm. (0.024 of N-formyl-L- 
cysteine, 65 ml. of water, and 5 Gm. (0.06 mole) of 
\fter the mixture 
homogeneous, the ethereal solution of carbobenzy! 
oxy-DL-phenylalanyl chloride was added with vig 
orous shaking during a five-minute period. After 
two hours of shaking, with periodic opening of the 
stopcock, the two layers were separated, and the 
aqueous portion was filtered \cidification of the 
cooled aqueous filtrate with 20°, hydrochloric acid 
to Congo Red pH produced an oil. The oil was ex- 
tracted with ethyl acetate, and the extract was dried 
and evaporated under a stream of nitrogen. The 
residual oil was washed with Skellysolve B and con 
gealed by a trichloroethylene-dry ice cooling mixture 
Further purification was unsuccessful; m. p. 49-75 
The crude material was treated with 30 Gm. of 
glacial acetic acid saturated with hydrogen bro- 
mide, and the mixture was allowed to stand over- 
night at room temperature. The resulting solution 
was poured into an excess of anhydrous ether, and a 
white precipitate was isolated by centrifugation, 
washed with ether, and recrystallized from glacial 
The yield was 5.2 Gm. (58°) of white 
crystals which began to decompose at 148° and red 
dened and effervesced at 155 
Anal.——Caled. for C);H);,O,SBr 
4.55. Found: C, 41.90; H, 4.60 
Antiviral Tests.—-The compounds were injected 
intraperitoneally into which then 
posed to 50-75 MLD of influenza and encephalitis 
type viruses. Five mice were used for each test 
Doses of 2 mg. of compound were used in each case 
except that of S-carboxymethyl-.L-cysteine, 
4 mg. was used. Survival of the mice was the cri 
terion for positive activity 


mole) 


sodium bicarbonate became 


acetic acid 


©. 4126: i, 


mice were ex 


where 


SUMMARY 


1. Several thiol esters of L-cysteine have been 
prepared by the use of a two-phase system in 
and either N-carboben- 
N-Carbobenzyl 


the 


volving an acyl halide 
zvloxy or N-formyl-.L-cysteine 


oxy-L-cysteine has been characterized for 


first time and N-formyl-L-cysteine has been pre 


pared by an improved procedure 
ob 
tained uncontaminated with N-alkyl derivatives 


2. Thio ethers of L-cysteine have been 
using a two-phase system of an alkyl halide and 
L-cysteine base in water. 

3. These compounds did not show appreci 
able activity against influenza and encephalitis 
although the 
methyl thio ether showed slight activity 


type viruses in mice, carboxy- 
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Fungistatic Actions of Estrogens and Related 
Compounds* 


By LAURETTA E. FOX,} WILLIAM R. CARROLL,{ and JOHANNA GLACY$ 


Twenty-four estrogens or related compounds were tested for fungistatic action in 


vitro against eight species of pathogenic fungi. 
i The only derivative of a natural estrogen which produced any action was 
Of the synthetic compounds tested, diethylstilbestro! was more 


tive. 
ethinyl estradiol. 


All the natural estrogens were inac- 


active. 


estrogens were reported to 


A' THOUGH THI 


have bacteriostatic actions as early as 
1935 (1-8 


Kaliski (9 


Tinea capitis with estrone and diethylstilbestrol. 


it was not until 1942 that Poth and 


successfully treated infections of 


Other clinical reports followed (2, 10-14), but 
the im vitro fungistatic actions of estrogens was 
not discovered until 1947 (15); their in viwo 


actions having been frequently attributed to 
hormonal imbalance or other factors contributing 
to the resistance of the host (4, 16, 17). Man- 
kowski (16 action in 


mice infected with several species of pathogenic 


reported no favorable 


* Received January 6, 1956, from the College of Pharmacy 
and the Department of Bacteriology of the University of 
Florida, Gainesville 

Abstracted in part from a thesis submitted to the Graduate 
School of the University of Florida by Johanna Glacy in par 
tial fulfillment for the degree of Master of Science 

t Associate Professor of Pharmacognosy and Pharmacol 
College of Pharmacy 
Professor of Bacteriology 
leaching Assistant, Department of Bacteriology 

The authors are indebted to the William S. Merrell Co., 
Cincinnati, Ohio, Ciba Pharmaceutical Products, Inc., Sum 
mit, N , Schering Corporation, Bloomfield, N. J., National 
Drug Co Philadelphia, Pa Lakeside Laboratories, Inc 
Milwaukee, Wis Abbott Laboratories, North Chicago, II1., 
Ayverst, McKenna and Harrison, Ltd., New York, N. Y., 
Parke, Davis and Co., Detroit, Mich., and Wallace and 
Tiernan Products, Inc., Belleville, N. J., for supplying in pure 
forms the estrogens and synthetic compounds tested We 
are indebted to Dr. Charles Becker, Professor of Pharmacy 
and Dr. W. M. Lauter, Professor of Pharmaceutical Chemis 
try for suggestions on the solubilities of these compounds 


y 
+ 
+ 
5 


rhe 


of this investigation was to test certain estro 


fungi by treating with estradiol purpose 


gens and related compounds for fungistatic 


actions in vitro 


METHODS AND MATERIALS 


Mycophil agar was prepared by adding 10 Gm. of 
phytone, 10 Gm. dextrose, and 16 Gm 
liter of distilled water, dissolving, adjusting the pH 
to 7.0, and sterilizing. Known weights of estro 
gens or the synthetic compounds were dissolved in 
acetone or distilled water under aseptic conditions 
and mixed with a sufficient quantity of sterile 
mycophil agar to give dilutions of 1:200; 1:500, 
and 1:1,000 and the mixture transferred to sterile 
Petri dishes. Control plates were prepared for each 
mixture using comparable amounts of acetone or 
distilled water without the estrogens. Plates were 
innoculated with the test organisms and incubated 
at 26-28° for fourteen days for the yeast cultures 
and twenty-one days for the actinomyces and mold 
cultures. If inhibition occurred in the 1:1,000 
dilution of the estrogen or synthetic compound 
greater dilutions were made and the medium innoc 
ulated and incubated 

The results of preliminary experiments indicated 
that because of limited solubilities of estrogens, it 
was better to incorporate them in the medium than 
to employ the disk or Oxford cup method, and that 
acetone was the more satisfactory solvent 
working with these water-insoluble compounds 


agar toa 


when 
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he test organisms used were: Hormodendrum 
pedrosoi Brumpt, 1922; Nocardia asteroides (Ep- 
pinger) Blanchard, 1896; Trichophyton mentagro- 
phytes (Robin) Blanchard, 1896; Allescheria boydii 
Shear, 1921; Cryptoccocus neoformans (Sanfelice) 
Vuillemin, 1901; Candida albicans (Robin) Berk 
hout, 1923; Blastomyces dermatitidis Gilchrist and 
Stokes, 1898; Histoplasma capsulatum Darling, 1906. 

The Blastomyces and Histoplasma cultures were 
supplied by the William S. Merrell Company and 
the others were obtained from the stock cultures of 
the Bacteriology Department of this University 

['wenty-four estrogens or related synthetic com 
pounds and gentian violet were tested for fungis- 
tatic action. An extract of Spanish moss, Tillandsia 
usneoides L., possessing estrogenic action (18) was 
ilso used 


RESULTS AND DISCUSSION 


Estradiol, estradiol dipropionate, estradiol ben- 


zoate, estrotate, ethinyl estradiol, estriol, estriol 
glucuronide, estrone, and sodium estrone sulfate 
were tested against each species of fungus. All the 


natural estrogens were found to be inactive. An 
extract of Tillandsia usneoides L., which had estro- 
genic action (18), did not have fungistatic action at 
i dilution of 1:200. The only synthetic derivative 
of a natural estrogen which had activity was eth- 
inyl estradiol, which in concentrations of 1:200 
in the medium inhibited N. asteroides, B. dermati 
tidis, and H. capsulatum but it had no action at dilu 


-—= 
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the other compounds in having an unsaturated 
radical at position 17, making the compound more 
polar. It is interesting to note (Table I) that 
ethinyl estradiol is the only one of this group with 
high oil solubility and high estrogenic potency. 

Diethylstilbestrol possessed greater fungistatic 
action than any other estrogen tested When one 
of the phenolic hydroxyl groups of this compound is 
replaced by a methoxy group as in mestilbol] (Table 
II) both the spectrum activity is decreased 

rable III). Replacing both with methoxy groups 
as in trans-stilbestrol dimethyl ether decreased the 
activity to inhibitng N. asteroides while 
diethylstilbestrol inhibited this con- 
centration of 1:256,000 this derivative was active 
only in concentrations of 1:500 and greater. When 
both hydroxy groups are acrylated as in diethyl 
stilbestrol dipropionate the compound is rendered 
inactive as a fungistatic but this does not alter its 
estrogenic potency (Table III) 

Saturating the ethylene chain of the stilbene de 
creases the spectrum and activity as in hexestrol 
Replacing one hydroxy group with a methoxy group 
as in hexestrol monomethyl ether rendered the com 
pound inactive against all of the species used for 
testing except N. asteroides and decreased the activity 
against this organism considerably. Replacing both 
hydroxy groups with methoxy groups, as in 3,4- 
dianisyl hexane, rendered it inactive. Hence the 
unsaturated ethylene portion of the stilbene and the 
phenolic hydroxy groups contribute to the fungi- 
static action. Similar results 


and 


alone; 
species in a 


were reported by 


tions of 1:500. The ethinyl estradiol differs from Weaver and Whaley (21 
ras_e |—PROPERTIES OF NATURAL ESTROGENS AND THEIR DERIVATIVES 
(,reatest 
Dilution 
at Which 
Ratio of Growth of 
Estrogenic Neocardia 
Activity asterotdes 
Solubility in Estradiol was 
Name Water Oil as | Inhibited 
Estradiol Almost insoluble® Sparingly soluble i¢ ‘ 
Estradiol dipropionate Practically insoluble’ Sparingly soluble’ 0.4 
Ethiny] estradiol Insoluble? Soluble? l 200 
Estriol Practically insoluble Soluble* 0.1 
Estrone Slightly soluble’ Soluble’ 0.2 
U.S. P. XIV U.S. P. XV Merck Index 4 Calculated from data in Table 65, Goodman and Gilman (19 ¢ No 


inhibition of growth at dilution 1:200 or greater 


rasie Il 


PROPERTIES OF SOME OF 


rHE COMPOUNDS TESTED 


(,reatest 
Dilution 


Ratio of in Medium 
Estrogenic in Which 
Activity Growth of 
Solubility in Estradiol Neocardia 
Name Water oil as | was Inhibited 
Diethylstilbestrol Almost in Soluble? 0). 2° 25.600 
soluble? 
Diethylstilbestrol dipropionate Insoluble® Soluble?’ 0.2 No activity 
Mestilbol Practically Soluble’ 0.16 1,000 
insoluble? 
Trans-stilbestrol dimethyl ether Insoluble’ Soluble’ 0.034 500 
Hexestrol Practically Soluble? 0.16 25.600 
insoluble? 
Hexestrol monomethy! ether Insoluble Soluble 2,000 


3,4-Dianisyl hexane 


U.S. P. XV Merck Index 


Insoluble 


Goodman and Gilman 


Soluble No activity 


’) 4 Bastedo (20 
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Horm Nocar Trich Crypt Blast Hist 
irum lia yion Alles ‘ Car myces plasma 
i ister meniag? neria ne ’ lida I malt psu 
Name j ide te boyd nan lbicans tdt uum 
Diethvistilbestrol 16.000 25.600 64.000 16.000 500 16.000 128.000 256.000 
Diethylstilbestrol d 1 
nate 
Mestilbol 1.000 500 128 000 64.000 
Trans-stilbestrol dimet | 500 
ether 
Hexestrol 25,600 (wn) 128 000 64 000 
Hexestrol mon et 2 (nn) 
ethe 





N nh tion at } n tration tested 
PABLE | In VirrRo FUNGISTATIC ACTIONS OF CERTAIN COMPOUNDS 
Greatest Dilution Tested Which Is Effective In Completely Inhibiting Growth 
\ , Vvich Crypt Bla Hist 
H t 1! ‘ ” plasma 
Name pi h , “” 
Tri-# et] xvphet 1.000 

cervlic acid 
lri-p-methoxyphenvl bron 200 

ethvlene 

Diethvlaminoet 1 fer | uM) 1. O00 2 OOO 1.000 sw) 200 2 OOO S () 

< late | lrochlorid 
(Gent wlet 2S OOO 2? OOO S (nM) 128 000 2456 000 256.000 128 000 128 O00 

nl t » at the t tratior ested 

\ } TT, 1 metho 1! wl } wm } ne ‘ 

\ithough = tri ethoxyphenyl bromoethylene t+. No correlations could be drawn between 
nd tri-p-methoxyphenyl acryli icid had _ slight 

, pre eh. 5 fungistatic and estrogenic actions The com 
uction against Nocard: Table I\ 1,1-dibenzylo ts tl bl 
xyphenyl-2-(p-anisyl) ethylene, triphenylethylene pounds that were more soluble im water tended 
9-(a@-chloroanisal) 9,10-dihydroxyanthracene and tri to possess stronger fungistatic action 
p-anisvichloroethylene were inactive rhe latter 
Oo ompound l d phen c hvdrox’ rr¢ Ss 
four compounds lacke | enoli roxyl grout REFERENCES 
while the former two had carboxyl and bromide but 
no phenolic hydroxyl group Frazier, C. N., Mu, J. W., and Hu, C. K., J s 

" Biol. Me 33, 05 35 ee 
dv / ) ’ d t 3 , 

Ludwig 22 reported that diethyla 2) Weinstein L. Vale J I 7, 11, 360(1939 
minoethyl fencholate had fungistatic action but in $) Von Haam, | and Rosenfeld, I., J nm 43, 
hese tests it w no effectiv diethyls estrol OO 1942 
these t itv t tive as di Istilbestrol ig <r ee ee ae 35, 

O44 
, Faulkner, G. H., / 2, 38(1943 
SUMMARY 6) Faulkner, G. H., Am. Rev’ Tut 50, 167(1944 
7) Schales, O., and Suthen, A. M 1 Biochem ll, 


[Twenty-four estrogens or related com 


were tested for fungistatic action in 


itro against eight of pathogenic fungi 
None of the naturall 
fungistatx action Ar extract of 


” , 
Tillandsia usneoides | 


action manifested no fungistatic action 


spect 


curring estrogens had 


Spanish 


which showed es 


moss 
trogeniic 


[he only derivatives of a natural estrogen which 


showed fungistatic action was ethinyl estradiol 


Diethvistilbestrol manifested greater fung1 


tatic action than any other compound tested 


except gentian violet 
3. Replacing the phenolic hydroxyl groups of 


the stilbestrol with methoxy groups decreased 


the activity, and saturating the double bonds in 


the ethylene portion of the molecule decreased 


the fungistatic action 
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Antiacetylcholine Activity of Piperazine Derivatives* 
By AMOS E. LIGHT and R. V. FANELLI 


The antiacetylcholine activity of a series of substituted piperazine compounds was 
determined on the isolated guinea pig ileum preparation. It was found that the 
activity of the benzhydryl types was enhanced by quaternization with methyl, ethyl, or 
isopropyl! salts. Halogen or methyl substitution on a benzene ring also increased 
activity. Some equalled the activity of atropine sulfate. Other types of structures 


produced less potency. Toxicities in mice, LDjs values, were determined for the 
compounds. 
OMPOUNDS containing the piperazine struc PABLE 1.—INDIVIDUAL AND AVERAGE PER CEN1 
‘ INHIBITORY RESPONSES PRODUCED BY ONE-HALF 
“* ture have been found to have many un 


STRENGTH ATROPINE SULFATE SOLUTION 
usual and medically useful pharmacological 


properties 1-Diethyl-carbamy]l-4-methylpiper Individual, ‘ iia enamel 
azine dihydrogen citrate (Hetrazan) is offered 

for the treatment of filariasis (1). Castillo, de 44 ; Bn oO 
Beer and Jaros discovered that N-methyl-N’ m4 2 a 
t-chlorobenzhydryl) piperazine dihydrochloride 47 1 60.7 
chloreyclizine hydrochloride) is a potent ed . 64.1 
antihistaminic (2 Cyclizine hydrochloride is 51.8 

now being used as a preventive of motion sick 7 8 53.3 
ness following its investigation in humans by Re 2 58 9 


Chinn, ef al. (3), and pharmacological studies by 


rare Il CALCULATION OF RELATIVE POTENCY OF TEST COMPOUND 


Inhibition 


Concentration of Gut Strip No. 1 Gut trip No. 2 
rus Om 3-322A Atropine Sulfate 3-322A Atropine Sulfate 
» 0 5 
t)} ieee 14 l R 10 
0 O05 17 17 25 23 
0 ( 50 67 14 
0.02 RH 7s 78 61 
50% Inhib by inter 
polation 0 OO70 ) OOOH 0 OOS oO O22 
Comparison 0. 0096/0 0070 0.0)722/0 0093 
1°27 O7 l »oOoyT 
131% 32% 
\verage 134.5% of Atropine Sulfate 
Norton, et al. (4 Piperazine citrate has been EXPERIMENTAL 
shown by Standen to be an excellent thera 
peutic agent in the treatment of pinworms (5 The compounds described were prepared by 


members of the Organic Chemistry Department 
of the Wellcome Research Laboratories and the 
2 methods of synthesis have been reported previously 
acetylcholine activity in the range of atropine as indicated by references in the tables 


Recently in this laboratory certain piperazine 


derivatives have been found to exhibit anti 


sulfate for reducing the magnitude of acetyl rhe relative antiacetylcholine activity was found 


choline-induced contractions in the guinea pig by determining the amount of the chemical needed 


to produce a 50% inhibition of acetylcholine-bro- 
ileum preparation 

: : mide-induced contractions of guinea pig ileum prep 
In this paper are presented the results of 


irations. Segments of ileum, 2 cm. long, were 
testing the antiacetylcholine properties of several — suspended in 10-ml. baths of Tyrode’s solution’ kept 
series of piperazine derivatives including various 


substituted benzhvdryl, amide, ester, and mis- 


; : Iyrode’s Solution: Conen. No. | NaCl, 320.00 Gm 
cellaneous types of compounds. Structures will KCI, 8.00 Gm.; CaCl. 2H:O, 10.56 Gm.; MgCl. 6H20, 8.56 
Gm.; dilute to 2,000 ml. with HeO Conen. No. 2: NaHy 
be related to activity and toxicity PO. HO, 23 Gm dilute to 250 ml. with HO and 
refrigerate Working solution 200 mil. of Conen. No. 1 
* Received November 21, 1956, from the Wellcome Re 25 ml. of Conen. No. 2, 4 Gm. NaHCO;, 4 Gm. dextrose 
earch Laboratorie Tuckahoe, N. ¥ dilute to,4,000 ml. with HeO 
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it a constant temperature of 
37 rhe tissue strips were held 
firmly at both the top and 
bottom by small tissue clamps? 
fastened on the same side of the 
tissue cylinder rhis procedure 
tended to emphasize the activity 
of the longitudinal muscles. The 
bottom clamp was anchored to 
the end of the aeration tube while 
the upper one was suspended 
from a lever which traced all 
movements on a smoked kymo 
graph record. Oxygen was bub 
bled through the bath to saturate 
the solution and to keep i con 
stant mixture about the tissue 
Washing was accomplished by 
overflow 

Reproducible contractile — re 
sponses were first obtained by 


PIPERAZINES 
fh 
> 


idding definite unounts ol 


7 
0 


icetvicholine solutions every 3 


lyr! 
Spasmogenk 
Spasmogent 


minutes followed by washing 
ifter 30 seconds When a con 
stant response had been obtained 


YI 


the antispasmodic was added and 
ifter 3 minutes the acetyl 
choline response was again de 
termined. At least two differ 
ent amounts of the compound 
were tested on two strips of 
intestine with the doses beimg 
interspaced in a random mannet 
with appropriate amounts of the 
itropine sulfate standard. For 
calculating the relative potency 


N 
7 
~- 
< 
af 
< 


the log dose was plotted against 
per cent inhibition and the inter 
polated value obtained for 50% 
inhibition was compared with 
the similar values for atropine 
sulfate It was important to 


EOUS SUBSTITI 


exercise care in making appro 
priate dilutions of the com 
pounds under test rhe repro 


Straub tail 


ducibility of the method was 


MISCELLAN 


tested by doing a series of assays 
on a second atropine sulfate solu 
tion 

rhe LD i. p.) values were 
determined in CF-1 strain (Car 
worth Farms) male mice and 
calculated by the method of de 
Beer (6 rhe standard devia 
tions of these values were usually 


within a +12% range. 


ene 
ene 
ene 
ernie 
ene 
2-ene 
2-ene 


l 
l 
9 


RESULTS 


C yclohex-1-« 
Cyclohex 
Cycloheptane 
Cyclohept 
p-Hydroxybenzyl 
a-Hydrocybenzyl 


Cyclohex 
Cyclohepta 


Cyclohex 
Cyclohex 
Cyclohex 
Cyclohex 4 
Cyclohept-2 
Cyclohept 
a-Naphthyl 
a-Naphthy!l 
a-Naphthyl 
Benzyl 


Reproducibility of Method. 
Five separate determinations 
were made with an atropine sul 
fate solution containing only one 
half as much of the drug as the 
standard solution Phe individ 


Tissue clamps Ne 0-271, Phipy 
& Bird In Richmond, Va 
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ual results from each strip of intestine are recorded 
lable I along with the 


which the 


in averages for each pal 


are uctual assay values. It 


be 


is only 


given as 


observed that the most extreme value 


28° the 


usual variations 


may 


bm over true figure his range cor 


responds to the in such biological 
issa\ procedures 

An individual calculation of the relative 
be illustrated as follows: Reproducible 
tractions ol ind 4.1 respectively 
induced in gut strips by introducing 0.2y of acetyl 
bromide 10-ml. baths. Various 
responses were ob 


rable II rhe 
by dividing the 


potency 
may con 


6.6 em cm were 


into the 
of these 
compound 322A 
calculated 


choline 


degrees of inhibition 


tained with 53 


relative potency was 


50% interpolated inhibition value of the standard 


the test 


results 


value for com 


the 


obtained 


of 


the similarly 
pound Phe 
corded for tabular data 


by 


iveragt two was re 


BENZHYDRYL SUBSTITI 


be 


potency 


seen from 
of the 
enhanced 


Antiacetylcholine Activity... As 
rable II1 the 
stituted benzhydryl piperazines 
quaternization, especially when a methyl, ethyl, or 
group with another 
ethyl radical, for example, compounds 


may 
intiacet yicholine sub 


was by 


isopropyl! was present along 


methyl or 


51-212 and 52-217. ortho-Chlor or ertho-brom sub 
stitution a phenyl group likewise raised the ac 
tivity the unsubstituted types. This may 
be illustrated 53-322A, ortho-chlor 
methvl-ethyl-benzhydryl 1349 


exhibiting only 1% 


in 
over 
by comparing 
piperazine, having 
with 47-83, cyclizine, 
ta-Chlor substitution, 53-204, 
of activity, but the 
practically shown by 47-282, 
zine hese results may be compared to those of 
Ensor, et al. (11), who found increased atropine 
like with similar ether compounds 


Ortho ta-methyl or products 


activity 
potency mie has 


some enhancement para has 


none chloreycli 


as 


activity type 


and me inethoxy 
showed higher activity especially if the quarternized 
salt, 54-29, contained the isopropyl or ethyl groups, 
54-2, 54-3, and 54-28 

In Table IV it 
ethyl, 51-301, 


may be observed that the methyl 


ind the methyl isopropyl, 53-21, 


brand cyclizine, Burroughs Well 

Tuckahoe 7, N. ¥ 

brand chlorcyclizine 
N 


Puckahoe 7 


lied as Marez 
Inc., U.S 
Perazil 
Im I 


Supt 
come & (« 
‘Supplied a 


Wellcome & C« 


Burrough 
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quaternized substituted hexahydrobenzhydryl 
piperazines had over 23% antiacetylcholine activity, 
but the other derivatives showed little potency 
Partial of of the 
likewise enhanced activity as exhibited by 
8 compounds in Table \ An introduction 
7-carbon ring, 54-134A, increased activity 
Methyl substitutions piperazine part 
benzhydryl compounds afforded some 
2-127 in Table VI. Ali 
phatic replacements of the phenyl groups did not 
show promise this field of action (Table VII 
Only the xanthene derivatives of the substituted 
imide piperazines gave good antiacet ylcholine values, 
for example, 54-254 Table VIII All esters of 
hydroxyethylpiperazines prepared exhibited prac 
lable IX 
rable X likewise h 


benzene rings 
the first 
of a 


saturation one 


ilso 


on the ol 


the also 
potency as illustrated by 5 


In 


In 


ind other miscellaneous 
id minimal ac 


tically no action 
types listed in 
tivity 


) 


2,5-PIPERAZINES, REFEREN 


Toxic 
Symptomse 


Toxicity Symptoms.—As may be seen in the tables 
presented, toxic doses of the compounds produced, 
a marked stimulation of the central 
nervous system, evoking hyperexcitability and as 
Death when it occurred was 
In general, the 


than the tertiary 


in most cases, 
phyxial convulsions 
usually due to respiratory failure 
quaternary tox 
derivatives or the corresponding hydrochlorides 


salts were more 


DISCUSSION 


Suggested configuration requirements for potent 


cholinolytic action have been presented by Lands 
) 


ind Luduena (22 
them 
listed in the present paper, 53 


for types of compounds prepared 
the potent compound 
322, has no hydroxy! 
on the terminal methane and is not an ester There 

fore it would appear that additional factors may be 
with antiacetylcholine activity Dura 

in 


by However, most 


concerned 
tion of action has not 
the 
correlated 


been considered in these 
goal of clinical usage 
not the 
ictivities reported although most of the drugs in use 
it present have high atropine sulfate potency in this 
An effective dose 
urived at by 


sulin dosage for each diabeti 


tests and ultimate 


may be with antiacet yicholine 


iction 
probably 


of these antispasmodics 1s 


trial (23) similar to the in 
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rasie VIII SUBSTITUTED AMIDE PIPERAZINES, REFERENCE (16 


Pox 


ymptomse¢ 


R RK 
a,4-Dichlorobenzy! CH 
Benzhydry!l CH 
Benzhydry] CH 
Benzhydry]l CH 
1-Phenyleyclohexvl CH, 
l Phenyk yelohexy! CH 

Phenyleyclohexy! CH 

Phenvlieyclohexyl CH 
3,8-Diphenylethyl H 
3,8-Diphenylethyl CH 
3,8-Diphenylethyl CH 
8,8-Diphenylethy]l CH 
3,8-Diphenylethyl CH 
3,8-Diphenylethy!l CH 
3,8- Diphenylethyl C.H 
Xanthyl CH 
Xanthyl CH 
Xanthyl CH 
Xanthyl C.H 


SD 


at ht tt latlet Lt let Latleatleals 


toms described in paragraph on toxicity 


rasLe 1X ESTER DERIVATIVES, REFERENCE (17 


© 


R,—C—O—CH.CH; 


Pox 
} RK x I f Symptom 
Di-n-hexylmethyl] : CH | § SD 
LDi-n-pentylmethyl - CH, ( : SD 
Di-n-pentylmethy! CH 4 } SD — N 
Phenyl Benzyl ( 7 : SD —~- N 
Benzhydryl H 4 } 7 SD 
fjenzhydryl CH 4 5 SD 
Benzhydryl fenzyvl : SD 
Benzhydryl Benzyl *H, D 
senzhydryl ; CH 
a-Hydroxybenzhydryl CH SD 
a-Hydroxybenzhydryl : pb-Methoxy 
benzyl 

$6 Diphenylethyl | CH 
8,8-Diphenylethyl H 
8,8-Diphenylethyl H 
Hexahydrobenzhydryl H 
Hexahydrobenzhydryl H 
Dodecahydrobenzhydry! H; 
Dodecahydrobenzhydryl H; 
1-Phenyleyclohexy] H 

50-400 1-Phenylceyclohexyl H 

51-255 l Phenyleyclohexyl H; 

51-325 1-Phenyleyclohexyl H; 

50-404 Fluoreny!l H 

52-35 Xanthyl H 

52-3 Xanthyl H 


HOHOHOHAAHAADANAARAN 


Symptoms described in paragraph on toxicity N—Narcosis D— Depression 
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CONCLUSIONS $) Chinn, H. !., Handford, S. W Cone, T. E., and 
Smith, P. K im. J. Med 2, 433(1952 
4) Norton, S., Colville, K. I., Light, A. E., Wnuck, A. I 
Fanelli, R. V., and de Beer, E. J., J. Pharmacol. Exptl. Therap 
112, 207(1954 
5) White, R. H. R., and Standen, O. D., Brit. Med. J 
pig ileum procedure may be greatly enhanced by 1953, 755 


rhe antiacetylcholine activity of benzhydry] 


piperazines as measured in the isolated guinea 


quaternization with methyl, ethyl, or isopropyl eal de Beer, E. J., J. Pharma Exptl. Therep., 8, 
salts. Some equalled the activity of atropine 7) Baltzly, R., Du Brew Ide S., and Lorz, E 
J. Org. Chem., 14, 775(1949 
3 8) Baltzly, R., Ide, W. S., and Lorz, E., J. Am. Chem 
benzene ring, especially in the ortho and some in 77, 4809(1955 
° . . +s %) Baltzly, R., and Russell, P. B., thid., 76, 5776(1954 
the meta position, likewise increased activity. 10) Beltely. R. Bleckman. S. W.. and ide. W. S.. ébid 


76, 1165(1954) 
Pt 11) Ensor, C. R., Russell, D., and Chen, G., J. Pharma 
pounds had only up to about one-fourth the  Expél. Therap., 112, 318(1954 


. ; , ; 2) Russell, P and Bal R., J. Am. Che 
activity of atropine sulfate. Only partial satu-  77'}2), Russell. P. B.. and Baltaly, | i: 


sulfate. Halogen or methyl substitution on a 


Similar hexahydrobenzhydryl piperazine com 


ration of the benzene ring or the addition of an 13) Baltzly, R., Lorz, E., Russell, P. B., and Smith, F. M 
ibid., 77, 624(1955 

14) Albro, L. P., Baltzly, R., and Phillips, A. P., J. Org 
Chem., 14, 771(1949) 

15) Baltzly, R., J. Am. Chem. Soc., 76, 1164(1954) 

16) Ide, W. S., Lorz, I and Baltzly, R., ibid., 77, 
Xanthene amide piperazines likewise had = %!42(1%5 
17) Ide, W. S., Lorz, I and Baltzly, R., thid., 76, 1122 
activity whereas those similar compounds with 1954 


18) Hamlin, K. E., Weston, A. W Fischer, F. E., and 
Michaels. R. J., Jr., tbed., 71, 2734(1949 
contracting power 19) Baltzly, R., Buck, J. S., Lorz, E., and Schoen, W 

thid., 66, 203( 1944) 
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extra carbon in the ring increased this activity 
in certain compounds to one-half that of atropine 
sulfate 


ester linkages had little effect on acetylcholine 


The Determination of Benzoic Acid and Salicylic Acid 
Mixtures by Differential Nonaqueous Titration* 


By M. I. BLAKE? 


A method for the analysis of benzoic acid and salicylic acid mixtures is presented. 

The procedure is based upon the differential titration of the acids in dimethyl form- 

amide as solvent with salen methoxide as titrant. Ointments containing the acid 
mixture are analyzed. Quantitative results are reported. 


B' NzZOIC ACID and salicylic acid are assayed as do not differ sufficiently to be distinguished by 
individual compounds in U. S. P. XV (1 aqueous base. The determination and differ 
by titration with aqueous 0.1 N sodium hydroxide entiation of weak acids and very weak acids by 
in diluted alcohol as solvent. There is no nonaqueous titration have been reported by 
official assay, however, for benzoic acid and numerous workers 
salicylic acid when they occur together as in Fritz and Keen (2) reported the differential 
Whitfield’s ointment. Mixtures of the two titration of phenols and carboxylic acids in 
acids titrate to a single end point representing dimethyl formamide, ethylenediamine, acetoni 
the total acidity when analyzed by titration with trile, and acetone using potassium methoxide 
aqueous sodium hydroxide (Fig. 1). Apparently, as titrant. Moss, Elhot, and Hall (3) analyzed 
the acid ionization constants (benzoic acid = mixtures of phenols and weak acids in ethylene- 
6.52 & 107° and salicylic acid 1.06 * 10~-%) diamine. Two distinct end points were ob 
tained. In ethylenediamine phenols behave as 
carboxylic acids do in water and carboxylic acids 
* Received December 11, 1956, from the School of Phat 
macy, North Dakota Agricultural College, Fargo titrate as mineral acids do in water. The ti 


+ Associate Professor of Pharmaceutical Chemistry, School 
of Pharmacy, North Dakota Agricultural College trants were sodium ethoxide and sodium amino 





rue AMERICAN 


DIUM HYDRONIDI 


were able to 


acids and phenols m 


sodium amuinoethoxide 


uriet t phenols and acids 


mixtures, were investigated 


5) titrated phenolic esters 


ind im mixtures ethylenedia 


using 
olvent and potasstum methoxide or 
ritrations 


ethoxide as titrant 


nducted visually using nitroaniline or 


" violet as the indicat or potentiometrically 
Deal and Wyld 


and dimethyl 


with glass-platinum electrodes 


ed ethylenediamine 
potassium hydroxide and 
hydroxide in tsopropyl al 
nd calomel-glass electrodes 
were obtained with mixtures 
properties differed substan 
Dimethyl 


distinct 


cid 
oic acid and phenol 
formamide ; iIvent yielded the more 


inflections Phe reported that in dimethyl 


amide carboxvlic acids titrate as weak acids 


‘nediamine as strong acids whereas 
weak acid 


both 


moderate! 

we ik 

ormamide and ethylenediamine 
Noble, and Wyld (7) 


weak acids, pure and im nuxtures 


vids im 
Harlow determined very 
tetra 
ilcohol 


study im 


with 
butvlammonium hydroxide in isopropyl 


as the titrant The solvents im this 


pyridine 
methyl ethyl 


cluded ethylenediamine 


cohol 


dine 


isopropyl al 
ketone ind 
Markunas (S 


droxide 


ether piper 


Cundiff and using tetra 


in benzene-methanol 


titrant, analyzed a wide variety of 


is well mixtures of 


only acids hey employed a 


PHARMACEUTICAI 


ASSOCIATION Vol. XLVI, No 
and methanol-moditied calomel electrode system 


and acetonitrile, pyridine, dimethyl formamide 


and benzene-isopropanol (10:1) as solvents 


General procedures for analyzing organic 
are described by 
Tinley (1 


his paper reports the differential titration of 


acids in nonaqueous solvents 


Fritz (9) and by Beckett and 


benzoic acid and salicylic acid: (a) as a mixture 
of the two acids free of added ingredients 0) as 
a mixture of the acids in the form of an omtment 
official in U. S. P. X\ c) aS a mixture in ommt 


ment form as it was official in N. I IX 


EXPERIMENTAL 


Analysis of Acid Mixture with Aqueous Sodium 
Hydroxide. —A 


grade nd 


mixture of benzoic acid (reagent 


was pre 


salicylic acid (reagent grace 
l 


pared by weighing accurately f each acid 
into a 150-ml. beaker 
ized diluted alcohol was 
rhe solution, 
with 
Fisher titrimeter equipped with 
type « ilomel electrode system 


» meq 
of neutral 
udded to the beaker 
titrated 


Iwenty-five m 
magnetically stirred, wa 


aqueous 0.1 N sodium hydroxide using a 
ind sleeve 
idded 


dropwise in the vicinity of the end point The end 


4 
i £1ASS 
ritrant was 


volume of 


A typical 


point was determined by 
titrant 
titration curve is shown in Fig. | 

Sodium Methoxide 0.1 N.—Preparation To 
100 ml. of absolute methanol 


proximately 5 Gm. of clean sodium was added slowly 


plotting the 
idded versus millivolt readings 


reagent grade ip 
immersed in an ice 
After all the sodium dissolved an additional 
of methanol was added, followed by 1,500 


while the reaction flask was 
bath 

150 ml 
ml. of dry beazene Phe 


lution was stored in the 


reservoir of an automatic buret assembly protected 


from moisure and carbon dioxide in the atmosphere 
Indicator Solution rhymol blue 
tion was prepared by dissolving 0.3 Gm 
blue in 100 ml. of methanol 
Standardization Che 
standardized against 
30 ml. of dimethyl 
was placed in a 15)-ml. beaker 


indicator solu 
of thymol 
sodium methoxide solution 


was benzoic acid \pproxi 
technical 


Phree drop 


mately formamide 


gr ice 


added \ 


indicator solution was 
placed in the solution and the 
stirrer Phe selution, 
titrated visuall 


methoxide to the first 


of thymol blue 

stirring bar was 
beaker was set on a magneti 
magnetically stirred, was with 
1 \ 
clear blue color Le 
usually 


in the 


sodium permanent 
0.05 ml. of titrant was 


required to neutralize the acid impurities 


> than 
solvent \bout one milliequivalent of ben 


zoic acid, accurately weighed, was added to the 
solvent The 
trodes of the Fisher titrimeter were placed into the 


solution 


glass and sleeve-type calomel ele« 
rhe beaker, containing the solution, was 
a piece of heavy cardboard to protect 
the solution from carbon dioxide and moisture in 
the air during the titration Three holes in the 
cardboard cover admitted the electrodes and buret 
tip into the titration Fifty ml. of the 
odium methoxide solution was removed from the 
sutomatK idded to the buret of the 
titrimeter assembly he beaker 
was titrated potentiometrically as described in the 


covered by 


mixture 


buret and 
olution in the 
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previously. The titration curve (Fig. 2) shows two 
inflections. The waxed paper in the solution did 
not interfere with the titration 

Analysis of Benzoic and Salicylic Acid Ointment, 
N. F. IX.—A commercial variety of benzoic and 
salicylic cid ointment (Whitfield’s ointment), 
labeled N. F. LX, was used for this study The 
tube containing the ointment was accurately 
weighed. About a 2-Gm. sample was squeezed 
from the tube into a 150-ml. beaker About 10 ml 
of dry chloroform and a stirring bar were added to 
the beaker. The solution was stirred on a mag 
netic stirrer until the ointment dissolved (about 
five minutes). Approximately 20 ml. of neutral- 
ized dimethyl formamide solvent was added to the 
beaker. The solution was titrated as described 
previousiy The titration curve resembled Fig. 2 


ML. 0.1 N SODIUM METHOXIDI PaB.e | \QuEOUS TITRATION OF BENzoIc AcID 
SALICYLIC AcID MIXTURES IN DILUTED ALCOHOI 
litration of benzoic acid ilicvlic acid mix 
ture with 0.1 NV sodium methoxide Total 
Benzoic Salicylic Total Acid 
Acid Acid Acid by Ti 
: Weighed, Weighed, Weighed tration Recov 
previous section under the titration with aqueous meq meq meq ery 
3 A+B mi. x N 


1.673 , 298 3.304 100.18 
1.510 3.149 3.133 44 44 
lL: 


sodium hydroxide rhe end point was determined 
from the inflection of the curve obtained by plotting 
volume of titrant versus millivolt readings The 1 622 2 133 2 : 100.06 
iverage of three determinations was taken as the \verage 99 9] 
normality of the solution The precision was bet Av. Dev +() 28 
ter than 1 part per 1,000 

Analysis of Benzoic and Salicylic Acid Mixtures. 


Mixtures of benzoic acid and salicylic acid were RESULTS AND DISCUSSION 
iunalyzed by the procedure described under the 


> 
>. 


standardization of the sodium methoxide solution Aqueous 0.1 N sodium hydroxide does not differ 
One to 3 meq. of each acid was accurately weighed entiate mixtures of carboxylic acids in water or 
ind added to neutralized dimethyl formamide sol alcohol. Figure 1 shows a typical titration curve 
vent rhe mixture was titrated rapidly with sod for a benzoic acid-salicylic acid mixture in diluted 
ium methoxide titrant adding the titrant dropwise alcohol with aqueous (0.1 .V sodium hydroxide as the 
is the end point was approached (noted by large titrant. Only one inflection is apparent. The 
voltage changes Figure 2 shows a typical titra results of three titrations are shown in Table I 
tion curve rhe total amount (meq.) of acid weighed is shown in 
Analysis of Benzoic and Salicylic Acid Ointment, column 3 and the amount of acid determined by 
U. S. P. XV.—Benzoic and salicylic acid ointment titration (the product of the volume of sodium 
was prepared as directed in U. S. P. XV (1 The methoxide consumed and the normality of the solu 
ointment was assayed in the same manner as the tion) is shown in the fourth column. The average 
icid mixture in powder form described in the pre per cent recovery, 99.91 + 0.28, indicates that the 
vious section. About a 5-Gm. aliquot of the end point of the titration corresponds to the total 
ointment was accurately weighed on a square piece acidity 
of tared waxed paper measuring about one inch With dimethyl formamide as solvent and s 
ilong one side. This quantity of ointment con dium methoxide as titrant benzoic acid-salicylic 


9_9 


tained 2-3 meq. of benzoic acid and 1-2 meq. of acid mixtures are clearly differentiated. Figure 2 
salicylic acid rhe ointment sample and the waxed shows two inflections in the curve. The first in- 
paper were carefully added to about 30 ml. of neu flection is for salicylic acid, the stronger of the 
tralized dimethyl formamide solvent in a 150-ml two acids in the mixture rhe results of three de 
beaker The mixture was stirred on a magnet terminations of acid mixtures are shown in Table II 
stirrer prior to titration until the entire sample The data in columns 2 and 3 represent calculations 
dissolved (about three minutes) \ clear solution based on the second break in the curve: columns 5 
resulted The solution was titrated as described and 6 are based on the first inflection 


PaB_e IIl.—NONAQUEOUS TITRATION OF BENzorc AcID-SALICYLIc Actp MIXTURES 


Benzoic Acid Salicylic Acid 
Weighed Found Recovery Weighed Found 


Recovery 
mg mg g 


‘ mg mg t 
312.7 97.63 162.3 163.8 100.92 
297 .3 97.89 167.9 168.5 100.5 
327.0 98.29 72.2 73.1 100 
Average 97.94 Average 100 
Av. Dev t(Q).23 Av. Dev 0 


320 
303 

229 
3 


» 
‘ 
‘ 
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rhe 
inalysis of benzo 


XV (Whitfield’s ointment 


benzoK salicylic ac id, 


nonaqueous procedure was next applied to 
and salicylic acid ointment, 
In addition 
the oint 


the 
U. S. P 
to 6 icid and 3° 
ment contains a polvethylene glycol ointment base, 
1 mixture of polyethylene glycol 4000 (40 parts) 
ind polyethylene glycol 400 (60 parts) rhe oint 
ment was conveniently weighed on waxed paper and 
both ind paper were added to the neu 
tralized dimethyl formamide Neither the 
ointment base nor the paper interfered with the ti 

Che well in the 
[ypical titration curves (Fig. 2) with 


ointment 
solvent 


sol 


two 


tration ointment dissolved 


vent 


iil BENZOIC 


AND SALICYLIC 


NONAQUEOUS TITRATION OF 
\cIp OINTMENTS 


PABLI 


Sample Benzoi« 


Weight 


shows the re 


II] 


iverage 


inflections were obtained Table 


ults of four determinations Phe per cent 


AMERICAN PHARMACRUTICAI 


ASSOCIATION Vol. XLVI, No. 5 


content of benzoic acid is 5.98 + 0.064 and of sali 
evlic acid, 3.04 + 

The procedure was extended to the analysis of 
the formerly official N. F. IX product which con 
tains 12°, benzoic acid and 6°, 
base composed of wool fat and white petrolatum 
\ commercial variety of Whitfield’s ointment, 
labeled N. F. LX, was employed in this study The 
ointment does not well in dimethyl for 
mamide. In a preliminary investigation low and 
erratic results were obtained, probably because of 
the inability of the solvent to extract the acids from 
the ointment. However, when the 
dissolved first in chloroform, solution was complete 
[ypical titration curves with 
two inflections were obtained rhe results of this 
study are in Table III Phe per 
cent content for benzoic acid and salicylic acid was 
12.16 + 0.060 and 5.98 + 0.068, respectively 


salicylic acid in a 


diss Iv e 


was 


ointment 


in several minutes 


shown average 
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The Synthesis of Some Alkylcarbamic Acid Esters 
which Possess Pharmacological Activity* 


By WILLIAM J. ROST 


Five dialkylaminoalkyl esters of piperidine-1-carboxylic acid have been prepared to 
evaluate the effect of varying the length of the alkyl groups on the pharmacological 


activity. 


chloride and the sodium salt of the appropriate alcohol. 


The compounds were prepared by the interaction of piperidine-1-carbony] 


Preliminary pharmaco- 


logical testing has shown the compounds to be active as local anesthetics, central 


nervous system depressants, antihistaminics, and antispasmodics. 


The expected 


increase in activity, as the alkyl groups were increased in length, was not obtained. 


ANY ARYLCARBAMIC acid esters of substi 


M 


the 


tuted aminoalcohols have been reported in 


literature as possessing local anesthetic and 


* Received December 5, 1956, from the School of Phar 
The University of Kansas City, Mo 

author would like to acknowledge the generous 
support of the Research Corporation and of the 
University of Kansas City Pharmacy Alumni Foundation 
The author is also indebted to Dr. L. L. Eisenbrandt and 
Richard B. Smith of The University of Kansas City School of 
Pharmacy for the pharmacolog aluation of the*com 


pounds . 


macy 
he 


financial 


ical ev 


= 


or dialkylearbamic acid esters 


other pharmacological properties 
few alkyl 
of substituted aminoalcohols have been studied 
Sekera, Boro 
of 


tively 


for local anesthetic properties 


vansky, and series 


diethylaminoethyl esters of monoalkylcarbamic 


Vrba have reported a 


acids in which the N-alkyl groups were varied 
from one to four carbons (6, 7) These com 


pounds were said to be inactive as local anes 
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thetics but to possess some sedative and hypnotic 
of basic esters of 


the alkyl 


carbons, 


properties. A series mono 


alkylearbamic acids, in which 
to 


prepared by Schlichting, 


group 


ranged from four nine has been 
Cwalina, and Jenkins 
8 Some of these compounds were said to be 
active as local anesthetics, but no specific activi 
ties were reported. Sekera, et a/., have prepared 
a group of diethylaminoethyl esters of dialkyl 
and substituted arylearbamic 


carbamic acids 


acids (9) rhe dialkylearbamates were said to 
have a local anesthetic potency inferior to that of 
the arvlcarbamates 

It was thought desirable to prepare a series of 
dialkylaminoalkyl 


acid to assess the effect of the alcohol group on the 


esters of a dialkylearbamic 


activity. Piperidine-l-carboxylic acid was chosen 


as the disubstituted carbamic acid, and some 


dialkvlaminoethanols and dialkylaminopropanols 
were selected as the alcohols 


Phe 


synthesis and the preliminary pharmacological 


purpose of this paper is to report the 
evaluation of these dialkylaminoalkyl piperdine-1 
Che individual 


rable | 


has pre iously been reported (9 


carboxylates compounds are 


listed in rhe synthesis of compound I 


rase | 


O 


N—C—O 


Vield 


ree Base 


122-124 (38 mm R5 


108-110 (0.2 mm SU 


160-162 (2 mm 


130 4 mm 


150-156 (4 mm 


All melting points are uncorrected 
6 Calculated for the hydrochloride salt 


Analyses carried out by the Clark Microanalytical Laboratories 


4 Previously described in the literature 
hydrochloride 


9) The b. p 
salt recrystallized from toluene reported as 120 


Because of the unstable nature of the piperi 
dine-l-carboxylic acid, the piperidine-l-carbonyl 
chloride was prepared directly from piperidine 
Pyridine was 

After the 
removal of the pyridine hydrochloride by filtra 


and phosgene in toluene solution. 


included as a hydrogen acceptor. 
the acid chloride was easily obtained by 
distillation. 


the phosgene solution was cooled in an ice bath 


tion 
Vields of 60°) were obtained when 


during the addition of the piperidine-pyridine 


solution. By omitting the ice bath cooling, 


SCIENTIFIC 


DIALKYLAMINOALKY!I 


of the free base reported as 150-152 
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vields of 85% were obtained. Refluxing the 
dialkvlaminoalkanol the 
benzene to form the ester as the hydrochloride 


rhe 


and 


and acid chloride in 
ester hydro 
the 


oily 


salt proved unsatisfactory 


chloride is soluble in benzene, after 


benzene was removed, there remained an 


product which was difficult to purify rhe esters 
were better prepared by the method described by 
Sekera, et al. (9) 
alcoholate is formed and subsequently reacted 
With 
some of the longer chain dialkylaminoalkanols, 


In this procedure, the sodium 
with the acid chloride in toluene solution 


the reaction with powdered sodium was slow, and 
an excess of the alcohol was added to facilitate 
the of the rhe 
sodium chloride, which formed during the reac 


formation sodium alcoholate. 
was filtered off, and 


rhe 


SO 


tion with the acid chloride 
the product was obtained by distillation 
dialkylaminoalkyl 
obtained as the free base 


piperidine-l-carboxylate, 
was dissolved in anhy 
drous ether and precipitated as the hydrochloride 
with dry hydrogen chloride gas 

Preliminary pharmacological investigation has 
shown the compounds to be active as local 
anesthetics, central nervous system depressants, 
Phe 


antihistaminics, and antispasmodics com 


PIPERIDINE-1-CARBOXYLATES 


(CHs)x—NRz 
M. P.¢ 
HCl 
salt 


116-117 


Analysis, “% 

Found 
54 

QO § 


Recrystn 
Solvent 


Acetone > 4 ‘ C 
2 | 
I 


128-129 


Acetone Se ; et & 
i 9 


95 96 Benzene > 59.88 C 60 
H 10 
C 55.o% 
H 9. 3a 
ether S a C BB.: 
H 10 


Acetone 


Acetone 


Urbana 


7 mm.) n. p. of the 


121 


pounds, as 2% solutions, were tested on rabbits 
and possessed a moderate order of topical and 
intradermal local the 


was inactive 


anesthetic activity with 


exception of compound V which 
At 100 mg./Kg. 


nervous system depressant action was observed in 


dose levels in rats, a central 
all compounds except compound V which caused 
At the level of 50 


Kg. in mice, compound V did show a central 


convulsions. lower dose 
mg 
nervous system depressant effect like the other 


compounds. All compounds exhibited an anti 





992 JOURNAL OF 
histaminic effect in rats at the 100 mg./Kg. dose 
level 
spasmodic properties when tested against acetyl 
< hloride 


Chere was an equal balance of neurotropic and 


All members of the series possessed anti 


choline and barium induced 


Spasms 


musculotropic antispasmodic activity for any 


given compound in the series. In none of the 
pharmacological properties was there observed an 


increase in activity with an merease of the carbon 


‘ it of the aminoalcohol group in the com 
ound 
These compounds showed the most promise as 


] Af al 


system depressants 


unesthetic agents and central 


rhe 


aralkyl group on _ the 


nervous 
incorporation of an 
irvl of aminoalcohol 


nitrogen might favorably affect the activity of 


these alkylearbamates. The preparation of such 


i series is now in progress in this laboratory 


EXPERIMENTAL 


Chloride.—One hundred 
distillation from 
three neck round 
The flask was fitted with a gas inlet 
tube and bath 
into the until 21 
nole) had dissolved The gas inlet 
bath 
i mechanical stirrer and an 


Piperidine-1-carbony! 
milliliters of 
odium, was placed in a 


bottom flask 


dried by 


500-ml 


toluene . 


placed in an ice *hosgene was 


Gm. (0.21 
tube and the 
flask fitted 
iddition funnel 

another 100-ml. portion of dry toluene, there wer 
lissolved 14.2 Gm. (0.18 mok 


passed solution 


were removed, and the was 


of pyridine and 13.6 
This solution was 


( 0.16 mole) of piperidine 


ym 
uided dropwise with stirring to the 


After the 
ixture was allowed to stand overnight 


phosgene solu 
iddition had been completed, the 
The pre 
filtered off with suction 
mall portions of toluene rhe 


cipitate which formed was 


ind washed with 
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filtrate and washings were washed with small por 
tions of water and dried over anhydrous sodium sul 
fate The toluene 
pressure, and the residuc 
fraction distilling at 104-105 was collected 
The yield was 20 Gm, which was 85°) of theoretical 
Dialkylaminoalkyl Piperidine-l-carboxylate Hy- 
drochloride. rhe compounds were prepared by the 
procedure of Sekera, Jakubec, Kral, and Vrba (9 
Che following procedure is typical: Metallic sodium 
, 0.1 mole) and dipropylaminoethanol (21.75 
0.15 mole 15 ml. of dry 
toluene until the Piperi 
dine-l-carbonyl chloride (14.7 Gm., 0.1 mole) was 
dissolved in 150 ml. of dry toluene and added to the 
solution of the alcoholate The 
was refluxed gently for one After cooling, 
the mixture was filtered suction to remove 
the sodium chloride, and the excess toluene was re 
moved under vacuum The residue was fraction 
ited, and the fraction distilling at 108-110°/0.2 
mm. was collected The yield was 20.6 Gm. which 
was 80% of theoretical. The compound was dis 
solved in anhydrous ether 
hydrogen chloride gas 
filtered off and 
crystalline hydrochloride salt melted at 128-129 


removed under reduced 


was fractionated The 


was 


10 mm 


2.3Gm 


Gm., were refluxed in 


sodium had dissolved 


sodium mixture 


hour 
with 


and precipitated with 


The white precipitate was 
recrystallized from acetone The 
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The Preparation of p-Thymotic Acid and 
Its Derivatives* 


By LeROY BELTZ* and PAUL JANNKE 


p-Thymotic acid is related structurally to p- 
hydroxybenzoic acid. Alternative methods of 
preparing the former were studied and de- 


rivatives of the acid were analysed. 
| HI 


2-cymenecarboxyli 


5-hvdroxy 
first 


SYNTHESIS of p-thymotic acid 


cid) was accom 


* Recived November ’ 156, from the 
macy, University of Connecticut 
t Present addre school of 
Florida, Gainesville 


School of Phar 
Storr 
Pharmacy, University 


Kobek in 


and Royer (3) are the only investigators to have 


plished by IS83 (1 Sondern (2) 
reported on the acid since then, and they were 


This 


more 


concerned chiefly with its preparation. 


investigation undertaken to learn 
of the nature of 


Since the acid is related to p-hydroxybenzoic 


was 


the acid and its derivatives 


acid, its derivatives may possess some potential 


application in pharmacy and medicine Esters 





May 1957 ScIENTIFIK 


of the latter are wccepted as being mild local 
anesthetics and good preservatives for pharma 
ceutical preparations 


Kobek 


Reimer 


acid through 
No 
repeating Kobek’s ex 


prepared p-thymot« 


the Tiemann reaction vield was 


given, but Sondern (2 


periments with numerous variations in time and 


temperature of reaction and concentration of 
reported that this method produced 
10 to 11 
the 


synthesis should be 


reactants 


the acid in yields of cent. Con 
the 
other 
tigated 
Since both p-thymotic aldehyde and its methyl 
ether the 
Adams and Montgomery 


that 


per 


inefficiency of reaction, 1t was 


methods of 


sidering 
felt that 
inve 
are readily prepared by Gatterman 
ion as modified by 


uld 


reac 


it wi ippear oxidation of either 


(ORGANIC 


Der t 
Bromo-p-th 
Nitro thymot« 
p-Thymotyl-a-naphthyl 

urethan 
b-Thymotyl phenyl 
thiourethan 
b-Thymotyl oxy 
vcid 
p-Thymotyl 
p-Thymotyl-3,5-dinitr 
benzoate 
Methyl-p-thymotat« 
Ethyl-p-thymotats 
p-Chlorophenacyl-p 
thymotate 
P Bromophe nacvl 
thymotate 
b-Nitrobenzyl-;{ 
thymotate 


icid 
| 


icld 


ymno 


celtic 


icetate 


Potentiometric titration showed only one inflection in the 


blimation began at 


compound would provide a direct route to the 


acid However, Rover (3) showed that cleavage 
of p-thymotic acid methyl ether was a very ineffi 
crent reaction 

Alkaline permanganate oxidation of the alde 
but 


was negative 


hyde was attempted as Sondern reported 
the He 


observed that oxidation of the aldehyde by hydro 


previously, result also 


gen peroxide yielded thymoquinone, and _ this 


unusual reaction was confirmed in our study 


Oxidation was also attempted through the use 
solution, Fehling’s solution, and 
all of which failed to yield the 


acid, and in every instance the aldehyde was re 


of Benedict's 


metallic copper 


covered almost quantitatively 

It has been reported that the Kolbe-Schmidt 
the 
greatly 


synthesis of o 


by 


reaction commonly used 1n 


hydroxy aromatic acids 1s modified 


DERIVATIV 
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the substitution of metallic potassium for sodium 


5) he conversion of o-thymotic to p-thymotic 


acid by a procedure reported for converting sali 


cylic acid to p-hydroxybenzoic acid (6) was at 


tempted in this investigation. o-Thymotic acid 


was recovered to the extent of GS per cent, but, 


none ld be isolated from the 


of its p-isomer cou 
reaction mixture 

Through the haloform reaction, 6-acetothymol 
was converted to p-thymotic acid in yields of 


38 to 46 per cent; however, the preparation of 


the aceto-derivative was in very low yield, making 
the overall yield of acid poor under any conditions 
\ similar experience was encountered in attempt 
ing to prepare the acid through the hydrolysis 
of the nitrile 

Since ittempts failed to disclose 


these various 


Tuymoric Acrp 


> 
ES OF } 


Analy 


Caled. for 


Cy Hy,O,Br 
C),,HyOsN 
CooHaOgN 


H,O;NS 
H 


H, 
sHy¢ 


H, 
*yH 


9H, 9O,C1 


‘9H, gO.Br 


we N 


that corresponde 


an efficient yet simple method for preparing 
p-thymotic acid, the possibilities of the Reimer 
liemann reaction were widely explored, and it 
was found that slightly increased pressure gave 
the highest vield for that reaction. Considering 
its simplicity and the scale upon which it could 
be conducted, it became the method of choice 
p-Thymotic acid in alcoholic solution was read 
ily titrated potentiometrically, the curve showing 
only inflection which was attributable 
to the 


associable with the phenolic group, was not ob 


one 


carboxyl group. A _ second inflection, 


served. The sodium salt prepared on a large 


scale by potentiometric titration was used in 
the preparation of a series of metallic salts and 
The 


hydroxyl group were utilized in the preparation 


a few esters functions of the phenolic 


of several characterizing derivatives 
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of p-thymotic 
the did 
thionyl chlo 


Attempts to prepare amides 


because acid 


With 


appeared to be 


successful 
vl chloride 
that 


acid were not 
ield 


the 


not in ac 


ride acid formed an 


anhydride which probably is analogous to the 


thymotides reported previously 


EXPERIMENTAL 


Preparation of »-Thymotic Acid through the Halo- 
form Reaction. —6-Acetothymol prepared 
yields of 14.5 by treating thymol with 
inhydride in the pre of AICI 
Forty milliliters of 1O% NaOH solution was added 
2.0 Gm. of 6 LOO ml. of 
9) Gm 
idded 
lor of 
warming Hlowing the 

CHI rhis 
tion of the filtrate yielded 


was In 
cet 


eT1ce 


to icetothymol dissolved in 


1 iodide solution 


} 


dioxane. lodine 
I 100 Gm 
dropwise 


potassiun 
KI 100 m 
mstant agitation until the 
I 


separ ited 


ind in of water) was 


with ec color 


iodir 


i 
iddition 


1e persisted even after 
of 150 f 


was filtered out d acidifi 


ml water 


E Il METALLIC 

Decs 
CyHyOH 
CyH»~OH 
Salt unst; 
CyH,O! 


ale 
Sodium p-thy 
Pota 
Silver 
Calcium 
Barium 
Mercurk 
Cupric 
Zin 

~tann 
Lead 


1 
\luminun 


1m 


yu 
H 
H 


CO 
O} 


Cc 
C 


he he W ollected and 
of NaHCO 


bicarbonate 


rl 


ig wh precipita nich iS ¢ 


with three 


Acidifi 
Ided 0.85 


xtracted portions 


m e combined 
(st ot tl ti 
yield corresponded to 42.4% of theory 
Preparation of »-Thymotic Acid by Hydrolysis of 
~Thymonitrile. I prepared 
the Sandmeyer , 


t 


ution iti 


xtracts vie vm icid ‘ 


er 


1ymonitril was 


through ‘ reaction by treating 


CuC 


was 


oldiazonium chloride with freshly precipitated 
v rd 


rhe 


recrystallized from toluene, 

+ p. 116° 

[wo grams of the nitrile was boiled gently with 50 
f HCl, 


volume throughout 6 h 


nitrile, 


obtained in vield of 26 ,m 


mil while maintaining constant 
After diluting the reac 
material was filtered off, 
with water, and 


NaHCO, solution 


conc i 
ours 
tion mixture, the insoluble 
subsequently 
Acidification 


1.59 Gm 


throughly washed 
= On 


extracted with 5% 


f the combined bicarbonate extracts gave | 
- th 


) 
wd 


0%) of p-thymotic acid From ‘ 


residue 


which remained insoluble in bicarbonate, 1 

thymonitrile vered 

An alkaline of the nitrile, 
NaOH solution, failed to yield any of the acid 
of the nitrile was recovered 

Preparation of p-Thymotic Acid by the Reimer- 
Tiemann Reaction. —Th« 


(calculated on the basis 


was rece 


ayyor 
) 
ot ( 


10% 


hvydrolvsi using 


acid was prepared in maxi 


mum yields of thymol) and 
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with greatest facility by heating a mixture of 1 Kg 
6.67 moles) of thymol in L. of 30°, NaOH solu 
und 942 ml. (8.9 moles) of CCl, in 
stoppered 5-gallon demijohn Digestion 
formed in an upright it 13 p.s.i 
pressure for a period of 60 hours. Isolation of the 
from the the 
usual manner produced yields corre 
p. 157 


5 ry 
securely 
per 


steam 


tion i 
was 


1utoclave 


conducted 
186 Gm., 


acid reaction mixture in 
ol 
sponding to 14.4%, m 
inmal.: Neutralization 
H,,O 194.2 I 
rhymol and CCl, fre 
tion muxture in quantities ranging from 
ind 78 to 84%, respectively Extensior 
| it 


did 


y 
equivalent 
195.0 


Cc ound 


the reac 
33 to 429 
1 of reaction 
the 


were recovered m 


ind increase n inere 
of icid or reduce 
recoverable 

Derivatives of 
ind nitration of / 
the 
mononitro 


r 


time 
vield 


were 


in pressure is 


the amounts of reagents which 


Acid. 


1 were 


p-Thymotic Bromination 


thymotic act conducted in 


usual manner, producing the ind 
derivative Ss, respective ly 
methyl ester 


of the 


ect conden 
tl etn 


S prepared by di 
i] } 


W 


ition acid and methan Ww r ] 


b-TuymotTic AcID 


d. for 


COONa Na 
COOK K 16 
ible—-com position variable 
[COO).Ca C 
Ba Ba 
Hg Hg 
Cu Cu 
Zn Zn 
Sn Sn 
Pb 
Al 


5S 
bo ed 


OPbO 


{COO),Al 


( sodium 


aryl 


1 through the 


ilkyl 


ind other esters were 
of the 
halides 


prepare 


salt icid and the respective or 


utilizing sodium 
of 


salts 


Double decomposition tic 
employed in tl 


I 


T 


i¢ ms 


thymotate were 
salts 


except 


| 
tl 
id compound which 


preparation 
normal 


St 


wert 


1 
i¢ 


other metallic 
ill fe 
proved to be the basic salt 

Whenever 


basis of 


rie i¢ 


in cases, the 
performed on 
N. E 

of the derivatives because the carboxyl group of the 
acid lent itself so well to potentiometric titration 

rhe esters were subjected to hydrolysis to determine 
S. E.) and the metallic 


for 


possible, analysis 


tl 


wa 


the 1e neutralization equivalent 


the saponification equivalent 
salts 
organo-metallic compounds 


were analysed by conventional methods 


SUMMARY 


by the 


hydrolysis 


The cid 
haloform 


of the 


preparation of p-thymoti 


the acid 
To 


in large quantities, the Reimer-Tiemann reaction 


reaction and by 


nitrite is described produce the acid 


was found to be best suited. A number of organic 


In hydroalcoholi« Fisher titrimeter 


olution, u 
fitted with electrode 312-27 


u 


No ; 
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derivatives which are applicable in the charac 
terization of the acid were prepared and analyzed 
Eleven metallic derivatives also were prepared 
and analyzed 
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Methods for the Preparation and Ultraviolet 
Irradiation of Human Fibrinogen for 
Intravenous Use* 


By K. B. McCALL,} F. H. GORDON, } F. C. BLOOM,} L. A. HYNDMAN,t 
H. L. TAYLOR,§ and H. D. ANDERSON} 


A procedure is described for the purification and sterilization of human fibrinogen 


obtained as Fraction I by the ethanol fractionation method of Cohn, ef ai. 


Fraction 


I is redissolved, clarified, and treated with ultraviolet radiation in the presence of 
cysteine to destroy possible bacterial and viral contaminants, including the agent or 


agents of viral hepatitis. 


It is then reprecipitated by ethanol. 


Final solution is 


made in a buffer containing citrate, chloride, and glucose, and sterilization is accom- 


plished by Seitz filtration. 


The finished product is obtained by dispensing, asepti- 


cally, the sterile bulk solution into sterile bottles, shell freezing, and drying from the 
frozen state. The dried product is characterized by a clottable protein content of 80 
to 90 per cent. 


I 1859, a plasma protein was recognized by its 


Later this same protein was found to be precipi- 


insolubilitv in concentrated salt solutions (1) 


table on moderate heating (2) Hammarsten 
3) separated and purified this protein in 1879 by 
repeated salting out with half saturated sodium 
chloride solution. We now recognize fibrinogen 
as the plasma protein which forms fibrin, an in 
soluble protein, when acted upon by thrombin 

rhe large-scale application of the plasma frac 
tionation procedure of Cohn, et al. (4), during 
World War I] 
large quantities of a protein fraction (Fraction I) 
Small 
amounts of this material were dissolved, sterilized 
by filtration 


then used experimentally, together with thrombin 


resulted in the accumulation of 


containing about 00% fibrinogen 
g 


dried from the frozen state, and 


in pyelolithotomy (5) and in skin grafting (6) 
Still other material was used for the preparation 
of fibrin films (7) and fibrin foams (8) 

\ procedure was described by Morrison, Edsall, 
and Miller 


Fraction | 


9) for the preparation of a precipitate 


from which was characterized by 


* Received December 28, 1956, from the Division of Labo 
ratories, Michigan Department of Health, Lansing, Mich 
This work was done at the request of the Director of the 
American National Red Cross Blood Program under an agree 
ment between the American National Red Cross and the 
Michigan Department of Health Laboratories 

t Present address Division of Laboratories 
Department of Health, Lansing, Mich 

z Dexter, Me 


t Present address 
§ Present address Pitman-Moore Company 


Michigan 


Zionsville 
Ind 


83 to 90 per cent clottability. Their procedure 
employed a citrate solution (pH 6.3) to stabilize 
the fibrinogen component during the processing 
However, these workers made no attempt to 
treat this material in order to destroy bacterial 
or viral contaminants, nor did they report any 
of the sterilization of these solutions by 
Small 


terial have been prepared for intravenous ad 


study 


filtration quantities of Fraction I ma 


ministration, mainly for cases of hemophilia 
(10), for which doses of 0.2 to 0.4 Gm. of protein 
were used 

Following the introduction of ultraviolet irradi 
ation to destroy the viruses in plasma causing 
hepatitis and jaundice, we introduced a compara 
safer 


ble procedure in the preparation of a 


Fraction I for use in hemophilia. This applica 
tion was found to be useful and without apparent 
untoward effect on the proteins in that fraction 
irradiation of 
more highly purified solutions of fibrinogen as 


his work led to the successful 


reported in this communication. Our product 


has found ready acceptance, and preliminary 


clinical data have already been presented (11-13) 


MATERIALS AND METHODS 


Plasma for the preparation of dried fibrinogen has 
obtained from the blood of normal 
The anticoagulant used in 


been human 


donors these blood 
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is been either 


WO ex f whole blood of 


collection 0 cc. of 19, citrate per 
120 cc 


ISO cx 


of an acid citrate 
of whole blood For 
preferred that the plasma be 

shortest possible time after 
blood from the donor and be 
irried from that point to the sterile frozen fribrino 


gen as rapidl is possible 


dextrose solution! pet 
this preparation it 1 
withdrawn within the 


withdrawal of the 


However, we have pre 
pared satisfactory fibrinogen from all types of plasma 
that meet the minimum requirements of the National 
Institutes of Health for products 
Che method for removal of the fibrinogen fraction, 
regardless of the plasma, 
is been the ethanol procedure of Cohn, et ai. (4 


The Fraction I obtained by 


fractionation 


previous history of the 

this method has been 
stored at 20° as the wet paste, or has been sus 
dried in vacuo. A 
drying step at this point, followed by long storage 
iltered the 
gen even though it originally came from 
This often resulted 
in lowered yields of purified fibrinogen 


pended in water, frozen, and 


of the dried product, usually solubility 
of the fibrin 


plasma of the highest quality 


Irradiation 
modification of the 
Tripp (15) « 
Slimline 

intensity of the 


Irradiation. 
with the Dill 
Sockridet nd | 

terilizer 


Ultraviolet 


formed 


was per 
Habel 
mtinuous flow 
G36T6 
ultra 
4 to 8 milliwatts per sq. cm. at 


Westinghouse 
lamps wert 
violet light 
2537 A and 
Ultraviolet Irradiation Controller Recorder 


employed rhe 
was 
monitored by the Archer-Reed 
After 


,erosol solution, the system was 


was 


forming a film wit! 
flushed with freshly prepared ACC buffer‘ and this 
Fraction I solution The effec 
tiveness of each irradiation 


was followed by the 
confirmed by a 
portion of the 
same fibrinogen solution, but which had been inocu 
lated 


ierobacter aerogene 


was 
biological control test employing a 
with an actively growing liquid culture of 
N.1L.H 

Using this instrument and a flow rate of 200 cc 
time was calculated to be 
seconds The film thickness is 
estimated to be about 0.14 mm 


Reference #600) 


per minute, the exposure 


ipproximately six 


determined by 
that of Ma 


Nitrogen Analysis.—- Nitrogen was 
1 semimicro Kjeldahl method similar to 
ind Zuazaga (16 
Clottable Protein. 
mined by placing 
mall beaker and adding the following reagents in 
3.0 cc. of a 0.1 M pH 7.0 phosphate buffer; 
saline; 3.0 cc. of a salt solution (0.08 Gm 
calcium chloride and 0.85 Gm. sodium chloride per 
100 cc.); 3.0 cc. of thrombin (10 units per cc 
The solution was stirred with a glass rod during the 
iddition of the thrombin and occasionally during 
the following hour to collect the clot as it formed 
Any remaining clot was separated from the liquid by 


Clottable was deter 


5.0 ce. of a fibrinogen solution in 


protein 


1 
i 
| 
I 


order 


6.0 cc 


straining through gauze rhe percentage of clot- 
table protein was ¢ ileulated from the difference be 
tween the protein content of the dissolved fibrinogen 
solution and the protein remaining in solution after 
clotting has taken plac \ made 
for the added thrombin 


correction was 


citric acid 418 Gm., dex 


Trisodium citrate 13.2 Gm 
7 1,000 cx 


trose 14.7 Gm., water for injection, ¢ 
|. J. Dill Ultraviolet Co., Kalamazoo, Mich 
The Archer-Reed Co., 23874 Kean St., Dearborn 7 
‘ Prepared as follows l cc. 10 M acetic acid, 25 
odium acetate, 3.32 Gm x2H2O), 2 
dium chloride, distilled water q 1 liter Just before 


Gm. cysteine vided 


sodium citrate 
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PURIFICATION PROCEDURE 


of dried 
Fraction I are dissolved® per liter of twice concen 
trated acetate citrate ACC buffer. 
After the resuspension is complete, the suspension 
is diluted slowly with an equal volume of distilled 
After the 
for forty-five minutes at 
cooled overnight at +2 to +3 stirring 
rhe solution is filtered through four layers of surgical 
gauze, stirred with 0.25% filter pulp® for ten minutes, 
and filtered igain rhe residual 
solution is squeezed from the filter pulp, using clean 


lwo hundred grams of paste or 30 Gm 


chloride 


water solution has been stirred gently 


room temperature, it ts 


without 


through gauze 


rubber gloves rhe solution is clarified immediately 
DeLaval cream 
phere of nitrogen and at a rate of 220 cc. per minute 
rhe clarified solution is irradiated immediately by 
passing it through the Dill machine at a flow rate of 
200 to 220 ce. per minute. A bubble trap is used on 
the inlet tube. Immediately after irradiation, the 
is diluted at temperature (20-25 
with 777 cc. of 0.071 M sodium bicarbonate per liter 
rhe pH should be 7.2 to 7.4. The solution is then 
cooled rapidly to +2 


through a separator in an atmos 


solution room 


using a cooling coil and gentle 
then 177 cc. of precooled 
8°) 53 3% ethanol ts added per liter of solution at 
After the addition 
is completed, the suspension is stirred for 
minutes at 2.5° and is then centrifuged at the 
same temperature rhe paste is stored at 8° of 
lower 


stirring to avoid foaming; 


1 rate of about 50 cc. per minute 
thirty 


rhe reprecipitated paste of Fraction I is resus 
pended in 18 volumes of 0.033 ionic strength citrate, 
chloride, dextrose (CCD buffer at «25 After 
resuspension, the solution is placed in a water bath 
to bring the solution up to this temperature After 
stirring for thirty to forty-five minutes, the solution 
is clarified by passing it through four layers of sur 
gical gauze, stirred with 0.25% filter pulp for ten 
minutes and then clarified through gauze again 
his removes the mucilaginous material and pro 
motes rapid filtration. The solution is then clari 
fied by filtration through both paper and a C-3 
pad*® precoated with Hyflow. The solution is finally 
sterilized by filtration through a Seitz-type filter 
press containing K-7 pads® in the first zone and S-3 
pads® in the second zone rhe sterile solution is 
dispensed at a volume of 300 cc. per bottle. The 
solution is immediately shell frozen and held at —30 
or lower, until the bottles are transferred to the dry 
ing cabinet 

Alternate Procedures.— Several alternate 
dures have been found to be satisfactory and these 
are detailed below 

(a) Our more recent studies have demonstrated 
that Fraction I can be irradiated successfully in the 
citrate-chloride-dextrose (CCD) buffer as well as in 
the ACC buffer containing cysteine rhe 
procedure detailed above is altered only to the ex- 
tent that the irradiation step is delayed until the 


proce 


basic 


’‘ A Waring-type blendor was used and care was taken to 
avoid air bubbles in the body of the solution 

*2.5 Gm. dry filter pulp, washed with 0.033 ionic strength 
buffer (see footnote 7) and squeezed to remove excess fluid 

Prepared as follows: 7.35 Gm. sodium citrate (x2H20), 

0.562 cc. coned. HCI, 1.46 Gm. sodium chloride, 30 Gm. dex 
trose, distilled water ¢ 151 

* Hercules Filter Corp., Hawthorne, N. J 

* Republic Filter Corp., 480 Lexington Ave 
NY 


New York 
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fibrinogen has been dissolved in 
Irradiation at this 


irradiation before 


the CCD buffer 
point offers two advantages over 
reprecipitation. First, resolution 
ind reprecipitation can be performed for several 
lots of fibrinogen, all at the same time. Second, 
since the irradiation is performed only on that solu 
tion which is to be placed in the final containers, the 
processing losses during irradiation are significantly 
reduced 1 reduced risk of reintroduc 

ing hepatitis virus from the equipment, particularly 
the fine mists arising from the Sharples centrifuges 


Phere is also 


being used for other processing in the same area 

rhe 
buffer may be 
solved in the 
clarification, 
freezing, 


ACC 
is dis 
followed 
filtration, filling, 
ind drying from the frozen This 
generally results in more protein per bottle, but the 
clottable protein remains about the same as that in 
Fraction I (60% The total number of bottles 
ivailable from the same quantity of Fraction I is 


reprecipitation of Fraction 1 in 
omitted; instead, Fraction I 
CCD buffer 
irradiation, 


his is by 
sterile 


State 


ilso increased 
(< The 


Fraction I 


irradiated before the 
is removed Ihe fraction is then redis 
ACC buffer, reprecipitated with 8% 
redissolved in CCD buffer, sterile filtered, 
filled, shell frozen, and dried from the frozen state 
Again, the reprecipitation of Fraction I in ACC 
buffer may be omitted; then the Fraction I is re 
dissolved in the CCD buffer This is followed by 
sterile filtration, filling, freezing, and drying from 
the frozen state 


plasma may be 
solved in 
ethanol, 


DISCUSSION 


Ultraviolet Irradiation of Fraction I.—Our earliest 
ittempts to Fraction I began in 1950 
These experiments were motivated by a report that 
Fraction I caused homologous serum jaundice in 
10% of those persons receiving nontreated material 
(17 Previous to the direct attempts to irradiate 
Fraction I, we had successfully irradiated fibrinogen 
of the fresh A. C 
the preparation of antihemophilic globulin 

In our first irradiation Fraction I 
dissolved in a 0.05 M, pH 6.3 citrate buffer at a pro 
tein level of 1.2 to 3.8%, but the irradiation failed 
to destroy the test cultures of Aerobacter aerogenes or 
fibrin formed in the irradiation chamber 


irradiate 


as a component D. plasma used in 


studies, was 


Following the report of Shulman (18) that several 
substances, including glucose and cysteine, reversibly 
inhibited the conversion of fibrinogen to fibrin, we 
studied the effect of these substances in our prepara 
Cysteine, glucose, magnesium ions, and bar- 
ium ions were studied for their effects on the clotting 
of fibrinogen by thrombin (Figs. 1 through 4) 


trons 


the 


concen 


Cysteine (Fig. 1 
effective 
trations studied 


ind glucose (Fig. 2 
inhibitors in the range of 

Sirce the objective of the study 
was to inhibit reversibly the conversion of fibrinogen 
to fibrin, so that ultraviolet irradiation could be 
performed, a study of the effect of irradiation alon 
on clotting by thrombin was performed as a base 
line. The values presented in Fig 
by the determination of thrombin clotting times of 
5¢ solutions after 
approximately 0.25-cm 


were 
most 


4 were obtained 


> fibrinogen varying periods of 
irradiation in depths in 
petri dishes, exposed to ultraviolet lamps at a dis 
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tance of 8 inches. A 


time 


slightly prolonged clotting 
was obtained in all tests 

Having determined that cysteine was of value in 
stabilizing fibrinogen during irradiation, the question 
is to what other salts should be present for the 
resolution of Fraction I Ferry and Morrison (19) 
demonstrated that clotting of fibrinogen by 
thrombin high ionic strength, by 


irose 


have 
was inhibited by 
solutions of pH less than 7.0, and by high protein 
With this background, we selected 
i buffer of approximately 0.6 ionic strength, pH 6.1, 
liter (0.04 M) of cysteine and 
rhe major portion of 
was selected as sodium chloride 
range of 0.15 could 
of fibrinogen at 


concentrations 


containing 5 Gm. per 
i small amount of citrate 
the ionic 
so that ionk 


be reached for the 


strength 

strengths in the 

reprecipitation 
pH 7.0 without excessive dilution 
rhe original resolution of Fraction I is followed by 

1 period of standing at 0-3°, following which the 

rhis 

cold in 
varying amount 


fibrinogen is strained through surgical gauze 
permits the aggregation 
soluble globulin (9), along with a 
of other insoluble 

A series of studies 
conditions for the irradiation of fibrinogen solutions 
Satisfactory 
obtained 


ind removal of 
material 
was performed to determine the 


inactivation of 
the Dill machine 
using three Westinghouse G36T6 Sterilamps and a 
flow rate of 200 However, co 
igulated protein was found inside the rotating tubs 
that served When two 
lamps were employed, satisfactory biological control 
still realized, but there was no longer 

visible evidence of protein denaturation 
The low incidence 


containing cysteine 


test cultures was with 


210 ce. per minute 


is the irradiation chamber 


tests were 
of immediate reactions and the 
small number of cases of hepatitis reported following 
the use of fibrinogen (11-13 
uct is relatively safe for 
of the product has been demonstrated on a variety 


suggest that this prod 
clinical use The efficacy 
blood fibrinogen levels were inade 
the blood to clot In fact, 140 of 
the first 165 cases reported responded satisfactorily 
to this treatment 

For the 
method 1) or ) set 


of cases where 


quate to permit 


final product prepared by alternat: 


ibove only preliminary 


rHE AMERICAN PHARMACEUTICAI 


ASSOCIATION 


clinical reports have been received, but these give no 
indication that products are any 
than that prepared by the standard method 
regard to alternate method No. 3, 
employed it only to establish the 


safe 
With 


have 


these less 
to date we 
feasibility of ir 
However, we 
product 
strictly fresh plasma, called antihemophilic globulin, 


radiating the pooled plasma directly 


have successfully prepared another from 


For this, we have resus 
pended the fresh Fraction I in a VW sodium 
citrate buffer at pH 6.3. This is then sterile filtered, 
filled, frozen, and dried from the frozen state It 
has been bottled in doses of 0.2 to 0.3 Gm. of protein 
8,000 


by just such a procedure 


0.033 


Over doses of this product have been dis 


tributed for clinical use over a period of seven years 
and to date no cases of hepatitis have been reported 
which could be attributed to this product 


SUMMARY 


l. A satisfactory procedure for the purifica 
tion and sterilization of human fibrinogen is de 


scribed 


2. Fraction I has been redissolved, clarified 


and reprecipitated by alcohol to give a fibrinogen 
product in which up to 90 per cent of the protein 
is clottable with added thrombin 


3. Ultraviolet irradiation in the presence of 


L-cysteine or glucose, together with Seitz-type 


filtration, has been found acceptable for the 


sterilization of this important human blood de 
rivative 


1. Distributed as the dried sterile product 


dred fibrinogen (human) has been reported 


satisfactory for clinical use 
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Estimation of Formaldehyde in Poliomyelitis Vaccines 


By E. M. TAYLOR and P. J. MOLONEY 


By the application of vapor diffusion tech- 
nique, the validity of the Nash colorimetric 
method for the assay of formaldehyde in 
poliomyelitis vaccine containing no bisulfite 
has been established. A useful variant of the 
Nash method is suggested for the determina- 
tion of formaldehyde in poliomyelitis vaccines 


to which bisulfite has been added. 


N asH (1) ha 


method fo: the estimation of formaldehyde 


described a simple colorimetric 


As applied to poliomyelitis vaccine the method 
over other colorimetric 
that 
the color of the phenol red in the vaccines ex 


an advantage 


possesses 


methods which were investigated, namely 


amined does not interfere with the color de 


veloped in the test rhis advantage is due to the 
fact that the vaccine is diluted (1 in 50) before 
testing and colorimetric readings are made at 
pH 6.6 


pH, the color due to phenol red does not inter- 


Under these conditions of dilution and 


fere with the reading of the test 
In this 
method for the estimation of 


Nash 
formaldehyde in 


paper the suitability of the 


poliomyelitis vaccine is critically examined 


EXPERIMENTAL 


Ammonium acetate 
3.0 ml., 
(Analar grade, British Drug Houses) are dissolved in 
one liter of distilled water. The solution is filtered 
through No. 1 Whatman filter paper and stored at 
6° when notin use. In agreement with Nash it was 
found that the solution of reagent was stable for at 
least seven days 

Standard Procedure. diluted with 
distilled water in a volumetric flask in the proportion 
of 2 ml. to 100 ml. Three 10-ml. amounts of the 
dilution are measured into test tubes and 10 ml 

The tubes are agitated to 
then incubated in a 
When the mixtures 
have cooled to room temperature, the yellow color 
which has developed is read in a Universal Coleman 
Spectrophotometer at 


Reagent. 
wet 


150 Gm., glacial 


acid and acetyl acetone 2.0 ml 


Vaccine is 


reagent is added to each 
mix the contents and water 


bath at 37° for 50 minutes 


$20 millimicrons (my) using 
rhe blank against which the read 
ings are consists of a solution of 
diluted distilled water 
Ihe blank is always incubated at the same time as 
the vaccine mixture and is colorless 


square cuvettes 
made reagent 
with an equal volume of 
The volume of 
reaction mixture prepared is such that the cuvette 
used for the unknown can be rinsed three times with 
solution before filling to make a 
The spectrophotometer readings are 


reading 
converted to 


each 


* Received December 10, 1956, from the Connaught Medi 
al Research Laboratories, University of Toronto, Canada 

lhe authors would like to acknowledge gratefully the tech 
nical a tance of Miss Larissa Zaleska 


formaldehyde by 
reference to a standard curve prepared from readings 
on aqueous Formaldehyde Solution U. S. P. which 
has been standardized by Donnally’s (2) bisulfite 
As a control on the method an aqueous 
solution of formaldehyde (Merck's reagent grade 
it 1 in 200,000 and 1 in 300,000 dilution is tested 
at the same time as the vaccines. In making these 
dilutions the formaldehyde is first diluted to 1 in 
$+,000 using as diluent a solution which has the fol 
lowing composition: NaCl,6.8Gm., KCl, 0.4 Gm., 
NasHPO, 0.14 Gm., MgSO,.7H,0, 0.2 Gm., 
CaCl,.2H,O, 0.26 Gm. dissolved in 1 liter of dis 
tilled water rhe final dilutions to 1 in 200,000 and 
1 in 300,000 are made with distilled water 


Poliomyelitis Vaccine Not Neutralized with 
Sodium Bisulfite.-In order to test the reproduci 
bility of the method, a series of estimations was car 
ried out on a '/¢,00 dilution of formalin with the fol- 
lowing results expressed in p. p. m. CHOH: 91.5, 
93.0, 93.6, 90.0, 93.9, 90.3, 93.9, 90.3, 90.1, 92.7; 
Per cent standard deviation +1.7 

A number of estimations similar to those described 
above for formaldehyde was carried out on two polio 


parts per million (p m.) of 


method 


myelitis vaccines with the following results expressed 
in p. p.m. CHOH: 

Vaccine No. 1 76.5, 77.1, 77.1, 
Td elg: CEneo 2Eake Per cent standard de 
viation +1.8; 

Vaccine No, 2 


75.9, 75.6, 75.9, 75.6, 


a 75.6, 75.3 75.6, 75.0, 


75.6; 


Per cent standard 
deviation +1.2 
It was desirable to know whether the results ob 
tained by the colorimetric method on vaccines rep 
resented free orf formaldehyde. This 
question was investigated by vapor diffusion tech 
nique using the type of diffusion flasks described by 
H. Ward Smith (3 
pered wide-mouthed 50-ml. Erlenmeyer type, with a 
suspended glass cup of 1.2-ml. capacity attached to 
the stopper by means of a glass rod 

For these experiments the Ward Smith flasks were 
preferable to Conway two-compartment dishes since 
it was found desirable to use a relatively large volume 
of liquid (8.4 ml.) in one compartment and a small 
volume (0.7 ml.) in the other 

In the diffusion experiments an 8.4-ml 


combined 


These flasks are glass stop 


amount 
of poliomyelitis vaccine was measured into the large 
compartment of each of a series of flasks and into the 
sma!l compartment an 0.7-ml. amount of a dilution 
of formaldehyde 

The dilutions of formalin ranged in p. p. m 
of formaldehyde from 50 to 83. In addition to the 
test flasks, a control series was set up containing 
dilutions of formaldehyde only in the two compart- 
ments. These dilutions covered the same range as 
those used in the test flasks and the strength of 
formaldehyde was the same in the two compartments 
for a given flask rhe purpose of this control was 
to observe any possible destruction of formaldehyde 
during the rhe control 
ind test flasks were continuously rocked at a tem 


course of an experiment 
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TABLE | CHANGES IN CONCENTRATION OF 
ALDEHYDE IN SOLUTIONS OF 
APOR CONTACT 


FORM- 
FORMALDEHYDE IN 
WITH UNNEUTRALIZED VACCINE 


Per cent 
Change in 
CHOH 
Concen 
tration 
n Small 
lehyde ompart 
n Large ments 
ympart of Test 

ment 4 


8.4 MI 
Formal 


Vaccine at 
e change was observed 
n the control flasks at 37 
lution tored at ¢ 


Formaldehyde 
carried out by the Nash 
both compartments. Be 
solution in the small 


for 22 to 24 hours 

were then 

method olutions in 
mall volume of 
und in 


partmer der to maintain uniformity, 


olutions were diluted 0.4 ml. up to 24 ml 


id of 2 ml. to 100 ml 


ocedure 


be fore 
according 
, Results are summarized 
in I ible I 
The result that there is no difference in 
concentration of formaldehyde in the small aad large 
ompartments of any given control flask Further, 
no appreciable change was observed in concentration 
f formaldehyde in the control flasks as compared 
How 
striking differences in formaldehyde 
concentrations of the formaldehyde in the small 


compartments of certain of the test flasks as com 
’ 


shi Ww 


with corresponding dilutions stored at 6 


ever there were 


with corresponding solutions in the control 


or example, an original concentration of 
le of 84.9 p. p. m. in the small compart 
test flask decreased to 70.4 p p. m 
wiginal concentration of form 


p. m. increased to 60.1 p. p. m 


ind an 
of 19.5 p 
An original concentrati 


1 of 64.6 showed no appre 
of formal 


must have 


ciable change and hence this concentration 


dehyde in the compartment been 


ipproximately in equilibrium with the formaldehyde 


of the vaccine in the large « mpartiment llowevet 
under condition 
formaldehyde in the vaccine as shown by the 


of equilibrium the concentration of 
Nash 
y7lp. p.m rhe differ 


formaldehyde in 


method was approxi ti 
ence in concentration of! 
ind formaldehyde 


equilibrium, 


vaccine 
solution, under conditions of 
he fact that in the 


is du probably) to the 


vaccine the formaldelhy in part chemically bound 
tt only 
but with some at le of the bound formaldehyde 

Due to its relative 
concentration of formalde 
test flasks was 
concentration « 

Poliomyelitis Vaccine Neutralized with Sodium 
Bisulfite.—It is « 
formaldehyde it 
tion of 


ind that the Na igen ts m with free 


ly large volume no change 


in the vaccine in 


de 
observer A maximum change 


, > FOr 
than 2£.0'% 


ould not have been more 
mmon practice to neutralize excess 


vddi 


which is 50 


poliomvelitis vaccine by the 


odium bisulfite in amount 


more than that which mds stoichiometrically 


to the formaldeh sdded 
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rasce Il CONCENTRATION OF FORMALDEHYDE BY 

THE STANDARD NASH METHOD IN POLIO VACCINES 
NEUTRALIZED WITH Soprum BISULFITE® 


The concentration 
ilfite was in the order of 


rhe standard Nash test was applied to a number 
of neutralized 
I ible La 


vaccines with the results shown in 


Since the concentration of formaldehyde 
in the unneutralized vaccines examined was ap 
proximately 75 p. p. m., the 
partial neutralization 


were investigated further 


results indicate only 


These anomalous findings 
It was observed that certain variations in the tech 
nique of carrying out the test affect the results, de 
pending on whether it is a question of 
or unneutralized proce 
dure for carrying out the test, vaccine is first diluted 
and then reagent added. It was found that 
this order was reversed, namely, when vaccine 
incubated with reagent diluted, results 
varied depending on unneutralized or 
neutralized tested. With un 
neutralized vaccine and with solutions of formalde 
hyde results by the two techniques were substan 


neutralized 
vaccine In the standard 


when 

was 
and then 
whether 
being 


vaccine was 


neutralized 
These differences 


whereas with 
results were markedly different 
are shown in Table III. 

It should be pointed out that the modified method 
is not recommended for the determination of formal 
dehyde in unneutralized vaccine since crystals of the 
yellow colored compound diacetyl dihydrolutidine, 
difficultly form, 
spectrophotometer may be low Phis 
limitation of the modified method does not apply in 
the case of bisulfite-neutralized vaccine 
Table I 
dicates that in the order of 90% of the formaldehyde 
in wunneutralized vaccine is free 
Further the standard method 
when applied to 


tially the same, vaccine 


which 1s soluble, may ind hence 


readings 


h 


Evidence has been presented which in 


formaldehyde 


} 


ind the modified 


method unneutralized vaccine, 


yield approximately the same result (Table III 


rasie Ill CONCENTRATIONS OF FORMALDEHYDI 
BY THE STANDARD AND Moptriep Nasu TEst IN 
NEUTRALIZED AND UNNEUTRALIZED V ACCINI 


Standard Modified 
Procedure Procedure 
Vaccine Vaccine 
Diluted Incubated 
Before with 
Incubation Reagent 
with Ee and then 
Diluted for 
Readin 
m. CHOH 
Unneutralized 
vaccine 
Vaccine neutralized 
with NaHSo, 
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However, since in the case of the neutralized vaccine 
Table III) the result with the modified method 
(0.6 p. p. m.) is markedly lower than that with the 
standard method (47.4 p. p. m.), it is highly probable 
that the concentration of free formaldehyde in the 
neutralized vaccine tested is not greater than 0.6 
p. p 
firmed 


m ‘he validity of this assumption was con 
experiments employing vapor diffusion 
i manner similar to that already de 
for unneutralized Results 
rable I\ From these results there is no 
for destruction of formaldehyde stored at 


by 
technique, in 


scribed vaccine are 
shown in 
evidence 
6° for 23 hours in any of the dilutions used since the 
colorimetric estimations shown in the table are in 
igreement with the concentrations calculated on the 
On the other 
there is some 


dilutions, 


basis of dilutions which were made 
hand with the control solutions at 37 
of in the higher 
those which originally contained 9.1 p. p 
is clear that formaldehyde 
vaccine 


evidence destruction 
namely, 
However, it 
is being taken 
from a solution, the 


was 2.2 p. p.m 


m. or less 


up by neutralized even 


original concentration of which 


CONCENTRATION Of 
IN VAPOR 


CHANGES IN 
IN NEUTRALIZED VACCINE 
WITH FORMALDEHYDI 


PABLI I\ 
FORMALDEHYDE 
CONTACT 


Control Solution rest Flasks 
Formal Formal 
dehyde dehyde 


tions Dilutions 


Per cent 
Increase 
Vaccine o 
Small Formal 
Compart- Compart dehyde 
ment ment in 
Pp. I Vaccine 
59.5 
30.0 
16.0 
7 1 


Formal 
dehyde 
Large 


é 
7.0 
The standard Nash procedure was used throughout for 
estimations of formaldehyde except as recorded below 
Neutralized at 6° 23 hr. 49.5 p.m 
Neutralized vaccine at 36.5° 23 hr. 49.5 p. p. m 
Neutralized vaccine at 23 hr. 3.0 p. p. m 
Nash 


vaccine 


modified 


7. 
30.0 


procedure 


FORMALDE 
Test 


rHe Net 
INDICATED BY 


TRALIZATION OF 
THE MopIFIED NASH 


rABLE \ 
HYDE AS 


P. p. m. CHOH 
Vol. 1.33 NalH{SO; per 100 mil. Solution of 
Formaldehyde or Unneutralized Vaccine 
0.0 ml 3.0 ml 2.0 ml 1.5 mil 
1/4,000 Dilution 
formalin 
1/5,000 Dilution 
formalin 
Poliom velitis 
vaccine 


On 0 


results warrant the conclusion that the 
vapor pressure of formaldehyde in the neutralized 
vaccine is less than that of a solution of formaldehyde 


hese 


formaldehyde or, expressed 
2.2 p. p. m. “free’’ formal 
results of the vapor diffusion 


containing 2.2 p. p. m 
in another way, less than 
dehyde Thus the 
technique experiments confirm the assumption based 


on results of the modified Nash procedure that the 


EDITION 


concentration of free formaldehyde in _ bisulfite- 
neutralized vaccine is low 
Effect of Quantity of Bisulfite Added to Vaccine 
on the Nash Test.—To 100-ml. amounts of dilutions 
of formalin 1 in 4,000 and 1 in 5,000 and also to 
100-ml. amounts of poliomyelitis vaccine, a solution 
of 1.33°, sodium bisulfite was added in amounts of 
1.5 ml, 2.0 ml, and 3.0 ml. The 3.0-ml. amount 
was calculated to provide stoichiometrically a 50% 
excess for the formaldehyde in the '/s5,00 dilution of 
formaldehyde and in the vaccine. The solutions 
containing added bisulfite together with the form- 
aldehyde solutions and vaccine to bisulfite 
had not been added, were assayed for formaldehyde 
the modified Nash The modified 
Nash procedure was used since it has already been 
shown that results by this procedure on neutralized 
vaccine indicate approximately the amount of free 
formaldehyde present. Results are shown in Table 
V. Results are shown in Table V. It is clear from 
the table that a _ stoichiometrically equivalent 
umount of bisulfite (2.0 ml. bisulfite solution to 
«9 dilution of formaldehyde or to vaccine) did not 
effect complete neutralization whereas 50% excess 
had reduced the concentration of formaldehyde to 
1.3% of that present in the original solutions 


which 


by procedure 


SUMMARY 


l rhe suitability of the Nash method for the 
of 
vaccines has been investigated. 

2. The validity of 
neutralized with bisulfite was established by 


estimation formaldehyde in poliomyelitis 


results for vaccines not 
vapor-equilibrium studies 

3. It has been shown by vapor-equilibrium 
studies that the concentration of free formalde- 
to 
added (50 per cent excess stoichiometrically) is 


hyde in vaccines which bisulfite has been 


not greater than 1 to 2 per cent of that originally 
added. A of the Nash test 
been devised which when applied to neutralized 


modification has 
vaccine gives results in the order of those ob- 
On the 
other hand the standard Nash test when applied 


tained by vapor-equilibrium technique. 


to neutralized vaccines indicates a concentration 
of formaldehyde in the order of 70 per cent of that 
in unneutralized vaccines 

!. In estimating formaldehyde in_ bisulfite- 
neutralized vaccines, it is useful to employ both 
the standard and modified Nash procedures since 
the former method indicates whether or not sub 
of 
added, whereas results of the latter procedure in- 


stantial amounts formaldehyde have been 


dicate that the amount of free formaldehyde 
present is not greater than that shown by the test. 
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A Survey of Selected Solanaceae for Alkaloids” 


By W. E. SCOTT, ROBERTA M. MA,} P. 


A report of the chemical examination of 61 

species of Solanaceae plants for alkaloids is 

given. Qualitative tests show that alkaloids 

are present in two-thirds of the species ex- 
amined. 


Aitstone are known for their physiological 
activity, and have many medical uses, such 
as in hypertension, muscle relaxation, and treat 
Some alkaloids 


principal use as 


ment of malaria such as nico 
find 


Others 


tine, their insecticides 


such as solanine, solasonine, and toma 
tine have definite antifungal properties and their 
chemical structure suggests their use as possible 


The 
plant kingdom undoubtedly contains many new 


precursors in the synthesis of hormones 


alkaloids which have not as yet been tsolated 
Plants belonging to the Solanaceae, consisting of 
> 


over 2,200 known species, would probably con 


tain many new chemically and physiologically 


useful substances. For a short time, we had the 
opportunity to make a survey of selected Solana 
ceae with the hope of finding new materials that 
medicinals, insecticides, or 


could be used for 


antibiotics. In the process we also hoped to de 
velop new crops as a source of income for the 


farmer 
PROCUREMENT 


Collections of plant samples were obtained from 
various state experiment stations, especially in the 
southern states and also from experiment stations 
in Puerto Rico and Costa Rica. Numerous samples 
were also obtained from the Crops Research Divi 
sion, Agricultural Research Service, Beltsville, 
Maryland. Many of the plants were noxious weeds 
from which we hoped to 
economic importance 


obtain materials of 


PROCEDURE 


Preparation of Sample. 
ceived were usually separated into the various com 


Plant samples when re 


ponents: leaves, stems, flowers, and roots. The 


* Received O- tober 16, 1956, from the Eastern Regional 
Research Lab ratory, Philadelphia 18, Pa., a laboratory of 
the Eastern Utilization Research and Development Division 
Agricultur.! Research Service, U. S. Department of Agricul 
ture 

t Present address Biological Sciences Branch, Agricul 
tural Marketing Service, USDA, Plant Industry Station 
Beltsville, Md 

} Present address 
ton, D.C 

rhe authors wish to thank all persons who contributed 
plant material for this work, especially Dr Erdman West 
University of Florida, Gainesville Dr. H FI Warmke 
Puerto Rico; Dr. J. Leon, Costa Rica, and Dr 
Fogg, Jr., Morris Arboretum, Philadelphia, Pa 


453 Senate Office Building, Washing 


Mavaguez 


John M 
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samples were thoroughly dried to facilitate grinding 
They were then ground to a fine powder in a Wiley 
mill 

Extraction was accomplished by one of two meth 
ods. If sufficient sample was available, 100 Gm., 
the sample was put into a 3-neck round bottom flask 
equipped with a mechanical stirrer and a condenser 
Sufficient 85% methanol was added so that the con 
tents could be easily stirred The flask was heated 
After heat 
ing under reflux for one hour, the methanol solution 
was filtered and the mare was returned to the flask 
The mare was extracted twice in the 
ind the extracts combined Phe 
was concentrated in a vacuum evaporator to a small 
Then hydrochloric acid 
added to bring the solution to 2 AN rhe solution 
was hydrolyzed for four hours by heating with an 
electric heater. After cooling the hydrolyzed solu 
tion, sufficient sodium hydroxide was added to make 
the solution alkaline, after which it was thoroughly 
extracted with chloroform. The washed chloroform 
was concentrated to dryness and water was added to 
the residue for a qualitative test for alkaloids 

Where only small samples, about 10-15 Gm., wer 
ivailable, they were thoroughly extracted in a Soxh 
let-type extractor, and the procedure 
followed after the methanol extract was concentrated 

We prepared the extracts in the hydrolyzed form 
because, in the of our work, we discovered 
that it is possible to overlook the presence of an 
alkaloid in a plant by testing only the unhydrolyzed 
sample 


bv means of an electric heating mantle 


Same manner 


were methanol 


volume sufficient was 


above was 


cours¢ 


In no sample did we obtain a positive test 
before hydrolysis that we did not obtain after hy 
drolysis ilkaloid tomato 
leaves, gives a faint test sodium tetra 
phenylboron (1), but when it is hydrolyzed (con 
verting it to tomatidine 
is obtained 

Detection of Alkaloids..-Two 
agents for alkaloids were used 
tions obtained above 


Tomatine, an from 


very with 


a very strong positive test 


test re 
Phe aqueous solu 


separate 
after dissolving the concen 
trate from the chloroform extraction were divided 


into two parts 


‘ 


We made one part acid with 15°, 
hydrochloric acid solution and then added several 
drops of Maver's reagent Ifa precipit ite formed, 
the test for alkaloids was positive rhe other half 
of the aqueous solution was made acid with acetic 
acid, heated to 70° on a steam bath, then several 
drops of a 0.1 M solution of sodium tetrapheny! 
boron were added. A precipitate indicated a posi 
tive test for alkaloid In using the 
we avoided ammonia or potassium, whose ions also 


latter reagent 
cause a precipitation 
RESULTS 


lable I has been prepared giving the name of 


the plant, its origin, and the results of the test 
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ciloliun 


anthun 


«hraceo-f 
pallidum 
Dse udocap 
itoense’ 
acemostum 
Stratum 
ugcosKn 
sallense 


seaforthianun 


umbel 


latun 
1 validun 
vanthocar 
sp. PI194015 
POX 26029 
P1203339 


pun 


sp 


v4 


p 
gend for plant parts: f fruits; | 
of alkaloid 
uined from Crops Research Division 


presence 


sts were recorded only 


rhe 


sample 


te 
using 
test 


reagent 


precise quantitative test due to the 


size ol 


reported for the first time 


for the hydrolyzed 
sodium tetraphenylboron as the 
No attempt was made to make a 
variation in 
the sample which we selected and also to 
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FOUND IN A COLLECTION OF SELECTED SOLANACEAE 


Alkaloid 

Source l r 
rurrialba, Costa Rica 
Jeltsville, Marvland 
Mavaguez, Puerto Rico 
Ethiopia 
Guatemala 
Ames, lowa 
Spain 
Syria 
Cochabamba, Bolivia 
Beltsville, Maryland 
Cochabamba, Bolivia 
Turrialba, Costa Rica 
rurrialba, Costa Rica 
Mayaguez, Puerto Rico 
Mayaguez, Puerto Rico 
Mayaguez, Puerto Rico 
Coopernook, N.S.W., Australia 
Beltsville, Maryland 
Pucson, Arizona 
rurrialba, Costa Rica 
Mayaguez, Puerto Rico 
Virgin Islands 
Pucson, Arizona 
Chillicothe, Texas 
Virgin Islands 
Tucson, Arizona 
Gainesville, Florida 
Bogota, Colombia 
Mayaguez, Puerto Rico 
Beltsville, Maryland 
Matanzas, Cuba 
Bogota, Colombia 
Mayaguez, Puerto Rico 
Morris Arboretum, Philadelphia 
rucson, Arizona 
Gainesville, Florida 
Cochabamba, Bolivia 
Glendale, Maryland 
Ames, lowa 
\ndalusia, Pennsylvania 
Beltsville, Maryland 
India 
Turkey 
Mavaguez, Puerto Rico 
rurrialba, Costa Rica 
Cochabamba, Bolivia 
Morris Arboretum, Philadelphia, Pa 
Beltsville, Maryland 
Virgin Islands 
Stockdale, Texas 
Mayaguez, Puerto Rico 
Cochabamba, Bolivia 
Mayaguez, Puerto Rico 
Turrialba, Costa Rica 
Mayaguez, Puerto Rico 
rurrialba, Costa Rica 
Cochabamba, Bolivia 
Beltsville, Marvland 
Beltsville, Maryland 
Glendale, Maryland 
Glendale, Maryland 


roots; s 
in this 


leaves; r stems 
specie 


ARS 


the difficulty of dissolving the concentrated resi- 
due in a definite quantity of water in the final 


stage of analysis rherefore, we are recording 


only whether the plant parts gave a positive or a 
some of the 


negative alkaloid test However, 
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plant samples which gave good positive tests as 
measured by visual observation were selected for 
further isolation procedures. Brunfelsia ameri 


yielded two products. One was a non 


cana 
crystalline substance which melted at 125-130° 
he other, consisting of long needles, melted at 
218-221 Both substances gave a strong posi 
tive alkaloid test Due 


haracterization was not made, except for 


to the lack of material 
further 


infrared curves. Other samples which gave good 


AMERICAN PHARMACEUTICAI 


ASSOCIATION Vol. NLVI, No. 5 


positive tests were: Solanum quitoense, S. hibisci 


folium, S. validum, and the fruit of S. macra) 


thum. The alkaloid solanine was reported as 


being present in S. melongena, but we were un 


able to isolate it from the samples which we re 


ceived 
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Steroidal Sapogenins XL. 


Simplified Procedure for the Qualitative Detection of 
Cardiac Glycosides* 


By MERLE M. KRIDER, HARRY A. MONROE, Jr., MONROE E. WALL, 
and J. J. WILLAMAN{ 


Plant extracts were partially purified with lead hydroxide and the filtrates subjected to 


ascending paper chromatography. 


Those cardiac glycosides characterized by an 


unsaturated 5-membered lactone ring were detected by color reaction with alkaline 


3,5-dinitrobenzoic acid spray. 


The method was checked by paper chromatography 


of aglycones formed on acid hydrolysis of positive samples, by infrared «pectra of 


these aglycones, and by bioassay of the glycosides. 


This simplified procedure is 


satisfactory for screening plant extracts for cardiac glycosides. 


aes PLANT materials for content of 
cardiac glycosides has, in recent years, con 
sisted primarily of analyses of seeds of species 
of Strophanthus (1, 2) for sarmentogenin, a 
potential starting material for synthesis of corti 
digitalis-like glycosides, 


some The search for 


the basic therapeutic agents for congestive heart 


North 


During this laboratory's survey 


failure (3), in \merican plants 1s an un 


é xplore 1 field 


for steroidal sapogenins (4) many plant species 


were received for which there was no previously 


reported chemical information. As acontribution 


* Received October 11, 1956, from the Agricultural Re 
search Service, U.S. Department of Agriculture, Philadelphia 
18, Pa Paper XXXIX, Tuts Journat, 46, 155(1957 

Presented before the Division of Medicinal Chemistry 
130th National Meeting, American Chemical Society, Sep 
tember 19, 1956, Atlantic City, N 

t Eastern Utilization Research and Development 
sion, Agricultural Research Service, | Ss 
Agriculture, Philadelphia 18, Pa 

he authors wish to acknowledge the assistance of James 
W. Garvin and James A. Daniico in providing plant extracts 
Charles S. Fenske in obtaining infrared data, and Dr. |]. O 
Thomas, Pharmacology Section, Western Utilization Research 
and Development Division, Albany, Calif., for the biological 
a ay 


Divi 
Department of 


to the literature of plant products, a qualitative 
alkaloids 
and sterols was added to the screening procedure 


examination for flavonoids, tannins 
It seemed desirable to add still another quali 
test, For 


purpose a which 


tative one for cardiac glycosides 


this procedure was needed 
would detect minute amounts of cardiac glyco 
sides yet use a minimum of time and materials 
Since a chemical procedure would be preferable 
to physiological colori 


test to 


testing, a 
detect 


qualitative 


metric microquantities of most 
cardiac glycosides has been developed 

Color reactions with picric acid (5) and other 
nitrocompounds (6-8) have been used in quali 
tative and quantitative determinations of certain 
cardioactive materials. Raymond 
that 


ring of ouabain and strophanthin and had con 


6) reported 
m-dinitrobenzene reacted with the lactone 
siderable specificity (9). Schindler and Reich 
stein (10) adapted the Raymond reaction to the 
detection of cardiac aglycones on paper chro 


matograms. They noted that the color reaction 
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TABLE | RESULTS OF SCREENING PLANT 


ScIENTIFIC 


EXTRACTS OR HYDROLYSIS PRODUCTS FOR A” ‘2? 
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22 


CARDENOLIDES 


BY PAPER CHROMATOGRAPHY, INFRARED ABSORPTION, AND FROG HEART TESTS 


Plant extracted or other cardiac 


glycoside 


Plant 
Part 


Fr 


sOuUTCE 
cannabinun 


humistrata 


1 pocynun 
1sclepias 
Strophanthidin 

hispidu 


kon De 


Strophanthu 

Strophanthus 

Sarveroside 

Thevetia sp 

Crvyptoste 

Digitalis powder 
| j 


Neander 


madaegascarier 
Penick 


erium 
Odoroside 


fé DLOCE sp 


bulb, Fl 


yaper chromatogram 


Fr 


were 


fruit, I 
the 


Code for plant part B flower 
Color responses on 
No test made 


x-membered lactone rin 


I amne 


type 


the unsaturated 5-mem 
12) ring of the digitalis 
the 


lactone 


between 
ll, 


glucc sides 


distinguished 
bered butenolide 
double 
of the 
Taylor (1) 
13) preferred the Kedde reaction 


strophanthus-type and 


unsaturated 6-membered ring 


glycosides. Bush and 


squill-ty pe 


and Tschesche 


14) because the purple color obtained with 3,5 
acid is more stable than the blue 
We 


3,5-dinitrobenzoic acid was 


dinitrobenzoic 


obtained with m-dinitrobenzene found 
that the 
equally applicable to the detection of unhydro 
ly Zz d 


grams the appearance of the purple color was 


reaction of 


glycosides 


although on paper chromato 


sometimes slower in developing for the glyco 


sides than for the aglycones, perhaps due to 


The of 


hydrolysis and subsequent extraction steps were 


differences in solubility. elimination 


prerequisite to a simple screening test 
Consideration was next given to increasing the 
sensitivity of the test by separating the cardiac 
glycosides from most of the broad spectrum of 
plant constituents present in an aqueous alcohol 
extract For most extracts a 


simple ‘‘spot 


and spray” technique was not applicable 
Wetting a spot of dried extract with a drop or 
two of a suitable solvent, a modified radial chro 
matogram, was an improvement, but for many 
extracts the color reaction of the glycoside was 
the 


13) 


obscured or rendered doubtful by 
of 


presence 


plant pigments. Tschesche resolved 


These extracts had been prepared for general screening 
program When only cardiac glycosides are desired, a water 


extraction of the plant mater ufficient, and fewer 
impurities are present 


P 


Chrom 


after hydrolysi 


Regio 


Infrared 
1745 


ns 


aper cm Frog 


1785 20 705 Heart 


leaf, S—stem, W—wiole plant 


s as on the partially purified extract 


water-soluble cardiac glycosides with the solvent 
system n-octanol, n-pentanol, water, and forma 
mide (8:2:8:2). On paper impregnated with 
the organic phase, the aqueous phase ascended 
at the rate of 2-3 cm. per hour. We discovered 
that if only the aqueous phase were used, without 
impregnation with the organic phase, the solvent 
front ascended 10 
on Whatman No. 4 


graphy step applicable to a rapid screening pro 


cm. or more in 20 minutes 


his makes the chromato 
cedure. Cardiac glycosides moved faster than 
most of the interfering substances The chroma 
tography technique was further improved by a 
of the 
with freshly precipitated lead hydroxide (10) 


preliminary purification plant extract 
Although clarification may not be necessary for 
all extracts, 1t was considered a practical step 
in the standard procedure when improved tech 
niques of preparing and handling the lead hy 
droxide cut the time factor to a few minutes per 
sample 

A screening program based on the described 
procedure has been begun in order to search for 
of glycosides. Squill-like 
will detected (cf. Table I, 
Urginea burkei), but this was not considered a 


cardiac 
not 


new sources 


glycosides be 


serious defect Frerejacque (8) reported that 
| ,3-dinitronaphthalene test for 
both types of cardiac glycosides, being particu 


B. Where 
this reagent is available, the procedure might be 


gives a color 


larly positive with scillaren A and 


employed to detect all cardiac glycosides 
Confirmatory tests included paper chromatog- 
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raphy of partially purified aglycones, infrared 


spectra, and bioassay by the frog heart test 


EXPERIMENTAL 
Screening Procedure. ethanolic 
plant extracts has been described previously (15 
A 10-ml 


ipproximately 1 


Preparation of 


from 
was 


extract 
Gm. dry weight of plant, 
15-ml. centrifuge tube IT'wo mil 

wqueous slurry, containing about 0.75 
Gm. of freshly precipitated lead hydroxide, 
idded Contents of the tube were mixed by 
ing. After 


the clear 


aliquot, representing the 
pipetted into a 
liliters of an 
was 
shak 
centrifuging 20 minutes at 2,500 r. p. m 
supernatant 


20-ml 
beaker, evaporated to dryness, and the residue re- 


was decanted into a 
suspended in 0.2-0.3 ml 
\ drop of the concentrate 
from the end of a 7 by 
No. 4 paper 
iscending chromatogram into a 


of 80% aqueous ethanol 
was spotted about 1 inch 

inch strip of Whatman 
After drying, the strip was inserted 
6-inch test 
tube containing 0.5 ml. of aqueous phase of Tsches 


che's ‘I 


is an 


solvent system (13 rhe tube was stop 
pered with a foil-covered cork. When the solvent 
had ascended to within 1 inch of the 
quiring about 20 minutes at room temperature, the 
paper strip was 
it 70° for 


cardiac glycosides was freshly prepared by combin 


stopper, re 
removed and dried under vacuum 
30) minutes. The spray for detecting the 


ing an equal volume of 2% icid in 


methanol with 0.5 N potassium hydroxide in water 


3,5-dinitrobenzoi 


Areas of color reaction were outlined in pencil 
Paper Chromatography of Aglycones. —An aliquot 
equivalent to the alcoholic extract of 5 Gm. dry 
weight of plant was evaporated to dryness in a 100 
ml. beaker rhe was digested with 20 ml 
of water, heating under a watch glass for 30 minutes 
on a steam bath rhe was filtered at 
room temperature through a thin pad of infusorial 
earth rhe filtrate water washes of the cake 
ombined, acidified to pH 1.0 sulfuric 
refluxed 45 presence ol 


residue 


Suspension 


and 
were <¢ with 
icid, and minutes in the 
20 ml 


recovered 


f benzene After cooling, the benzene was 
in a separatory funnel, the aqueous layer 
of fresh benzene, and the com 


three 


extracted with 15 ml 


bined benzene extracts washed times with 


rhe benzene was concen 
trated, transferred to a tared 20-ml 
rated to 
taken up in a 


10-ml. portions of water 
beaker, evapo 

dried residue 
sufficient volume of solvent to 
transfer of 100 » of residue to 
i paper for chromatography For example, 10 mg 
ind 0.002 ml 


chromatog 


dryness, and weighed The 
was 


illow convenient 


was dissolved with 0.2 ml. chloroform 
was spotted with a micropipet “he 
raphy paper, Whatman No 


in propylene 


+, had just been dipped 
glycol-acetone (6:4) and hand pressed 
between heavy blotting paper 


ve loped for ¢ 


rhe chromatogram 
solvent mixture 
80 -15°-5) The 


ind sprayed with the 3,5 


was de hours with the 
methanol 


was dried at 100 


benzene-cyclohexane 
paper 
dinitrobenzoic acid reagent 

Infrared Absorption of Aglycones.Data 
! Perkin-Elmer model 21 spectro 
photometer, using chloroform solutions containing 
20 to 25 Gm. per I 


were 
obtained with a 
of the benzene-extracted solids 
For confirmatory tests, spectra of the 1,800 to 1,600 


Patterned after Zaffaroni (If rhis 
veloped in our laboratory and has 


system was de 
not yet been published 
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to detect 
characterize digitalis-t ype cardiac aglycones 


ire sufficient ind partially 
Com 


plete spectra were obtained for some of the control 


cm region 


aglycones 

Biological Testing. 
these extracts was the one-hour frog test described 
in U.S. P. X 


fewer animals 


rhe biological test used on 


It was used as described, except for 


DISCUSSION AND RESULTS 


Cardiac glycosides and their hydrolysis products 
used as controls while developing these procedures 
were obtained from commercial strophanthin, com 
mercial digitalis leaf powder, and as 
provided through the 
Dr. T. Reichstein 

Comparative studies were made 


purified samples 
courtesy and generosity of 
of the purification 
of extracts of the digitalis leaf powder by activated 
lead 
hydroxide 


carbon, subacetate, and freshly precipitated 
lead Lead treatment did 


not remove a sufficient amount of impurities and in- 


subacetate 


Activated carbon 
removed considerable solids, but the lead hydroxide 
exhibited the removing ma 
terials which, having RA; values similar to the cardiac 


volved extra steps in procedure 


greater specificity in 
glycosides, otherwise tended to mask the color re 
iction when the spray was applied 

Hydrolysis conditions used in the confirmatory 
tests have been purposely made more rigorous than 
those employed when isolation techniques are in- 
volved (10 As long buten- 
olide ring is retained, dehydration or other artifacts 
of the steroid nucleus are 


as the chromophoric 
immaterial to the success 
of the screening test, and the removal of all sugar 
makes the aglycone more benzene soluble. Studies 
on known positives showed that chloroform extrac 
tions following the benzene could be eliminated 

Aliquots equivalent to the extract of 1 Gm. dry 
weight of plant material appear to be more than 
idequate for the sensitive qualitative screening test 
A larger aliquot was taken for confirmatory testing 
to provide sufficient weight of benzene extractables 
for infrared analysis 

Complete results of the screening 
lengthy to include in this article. Responses to the 
qualitative color test have been assigned to three 


tests are too 


classifications 
color reaction; 
color; 


positive, the characteristic purple 
doubtful, a faint to medium pink 
and negative, only the yellow or brown re- 
action of other plant constituents which are present 
in most plant extracts. Samples representative of 
all three classifications have been included in Table I 
to illustrate the between 
infrared data, and biological tests 
color tests, but not infrared, were made on 
ples not included in the table. Five samples were 
positive by both tests and eight wer 
both 


correlation color 


Biological and 


tests, 
13 sam 


negative by 


Confirmatory tests have supported the assump 


tion that all samples which give a positive color test 
contain cardiac glycosides. In most instances in 
frared spectra in chloroform of the hydrolysis prod 
ucts of these samples have peaks in the neighbor 
1785 cm and 1745 cm Absorption 
in these regions is attributed to the y-lactone group 
in A*??)cardenolides digitalis-type 
cardiac glycosides (17). In addition to confirming 
the presence of the butenolide ring, the infrared 


hood of 


such as the 
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spectrum also furnishes other information concern 
ing the structure of the cardiac aglycone. For in 
stance, an aldehyde group is indicated by peaks 
near 1715 cm for extracts of several Strophanthus 
ind for the aglycone strophanthidin (17 

Sarveroside, with absorption at 1702 cm 


species, 
, Can be 
postulated to contain a carbonyl function at C-11 or 
C-12 The sarverogenin, indeed 
been assigned a 12-ketone (18 Accordingly, from 
Table I, iglycones from Nerium 
oleander should contain no carbonyl grouping on the 
steroid nucleus. The respective aglycones, digitoxi 
genin and oleandrigenin, have hydroxyl! groups only 
on the steroid nucleus 

While all extracts which showed absorption in the 
1785 cm ind 1745 cm regions had previously 
given positive color tests, there may be exceptions 
to the Periploca sp 
I ible I 


confirmed cardiac activity in those extracts for which 


aglycone, has 


odoroside or the 


converse of this statement (cf $ 
Biological testing, however, has always 


i positive color test was obtained 
Confirmatory tests ipplied to 
which gave any indication of a favorable color re 
during the qualitative screening. A pink 
color was observed on chromatograms of aloe ex 
tracts. After hydrolysis a similar pink color appeared 


wert ill samples 


action 


on chromatograms of the benzene extracted solids 
Neither infrared data nor physiological tests indi 
cated that 


materials 


these samples contained cardioactive 
Negative samples will, in general, receive no fur 
ther development of the 


procedures samples 


consideration During 


representing various species and 
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families were given some or all of the confirmatory 
tests. No exceptions to the negative classification 
were noted. After a sampling of the 
and these sapogenin 
sources were eliminated from the qualitative test. 
It is anticipated that most of the plant materials 
collected for the sapogenin screening program will 
give negative tests for cardiac glycosides 


thorough 


agaves, yuccas, dioscoreas, 
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Amino Acid Utilization and Glutamic Acid Synthesis 
by Variants of Pseudomonas Aeruginosa* 


By CLARENCE K. WILLIAMSON 


The diverse physiological activity of colonial variants of Pseudomonas aeruginosa is 

reported. The variable utilization of amino acids within the species emphasizes the 

importance of using pure morphological types of bacteria to obtain predictable 
activity in microbiological assays. 


considerations of 
(A.T.C.C. No. 
embracing three diverse colonial types, 


PHYSIOLOGICAL 


| nes 


Pseudomona S 


aeruginosa 
10145), 
were prompted by the observation that varia 


tion in resistance to physical and chemical 


agents (1) as well as differences in carbohydrate 

* Received December 26, 1956, from the Department of 
Bacteriology, Miami University, Oxford, Ohio 

This report represents a part of the dissertation submitted 
by Clarence K. Williamson to the Graduate School of the 
University of Pittsburgh in partial fulfillment of the require 
ments for the degree of Doctor of Philosophy 

Grateful acknowledgement is made to Dr. Charles Gainor 
of the University of Pittsburgh for his suggestions and criti 
cisms Thanks are also due to D. O. Williamson for her 
technical assistance. This study was carried out, in part, at 
the University of Pittsburgh School of Pharmacy through the 
kind permission of Dean E. C. Reif and Dr. Edward P. Claus 


utilization (2, 3) have been shown to exist be 


tween colonial variants of this organism. It was, 
therefore, logical to assume that physiological 
differences within the species could be shown in 
the ability of variants to attack amino acids. 
[he microchemical method, proposed in this 
report, affords a simple and easily controlled 
the 
difference between original amino acid concen 
tration and the of amino 
remaining after bacterial 


procedure of indirect analysis based on 
acid 
cells. 
The method is suggested as an adjunct to existing 


concentration 
exposure to 


techniques 
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ISOLEUCINE UTILIZATION BY COLONIAI 


CONCENTRATION OF 


TABLE |! 


20 wo 


Smooth 
Smooth Controls as 

Transmission 
Tran > we 20 we 


Mucoid 


Iran 
84.6 S400 
84.2 
84.0 
S38 
84.6 


SS 


SS 
Ss D 0.66 2: 2: f 0.25 
Smooth = 40.0; 


\verage Per Cent Used 


Cells/ml smooth x ucoic 7 x 1013 


+ No reading 


The 


smooth. 


the 
variants of 


isolation and characterization of 


mucoid, and filamentous 


P. aeruginosa, used in this investigation, has 


been described elsewhere (3 


EXPERIMENTAL 


acids used in this study 
Nutritional 
purity 


he amino were obtained 
from the 
their 


paper 


Biochemicals Company and 


the ascending filter 
Ethyl cellosolve 
from the Fisher 
Scientific Company and Eastman Organic Chemicals 
All inorganic chemicals were of C. P 
or U.S. P. quality 

Stock solutions of amino 
ind control sets were 
icid to 
solutions wert 


was confirmed by 


chromatographic method 


and ninhydrin were purchased 


respective ly 


icids for cell exposure 
ridding 300 
distilled 
121 for 


they 


prepared by 
100 ml. of 


autoclaved at 


mg 
The 
minutes 


of amino water 
ten 
After cooling to room temperature, were ad 
justed to a volume of 200 ml 
pH 7.4 phosphate buffer (U.S. P 

Ten milliliters of stock 
with 5 ml. of twice-washed 18 to 20-hour-old cells of 
buffer 
theoretical 

Controls 
concomitantly 


with double strength 
XV, p. 932) 
solution 


the was diluted 


P. aerugine suspended in the solution 
icid-cell mixtures 
imino acid concentration of 1 mg. per ml 
of amino buffer run 


rest systems and controls were aseptically placed in 


Thus, amino gave a 


acid in were 


raswe Il SUMMARY OF PER CENT | 


rHe AMERICAN PHARMACEUTICAL 


VARIANTS OF P 
\VAILABLE TO 


ILIZATION OF AMINO AcipDs BY COLONIAI 
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AERUGINOSA BASED ON AN 
BACTERIAL CELLS 


ORIGINAI 
THE 
Mucoid Filamentous 
Controls as Fil 
lransmission for 
> ue 20 we 30 ue Tran 
SO.0 SOUS R5 
85 
84.5 85 
85 
84.0 L 85 
85.5 
SH 1) 
S7 i) 
050 0.29 ) 0 60 


Mucoid 


83.8 


0.0; Filamentous 


filamentous 17 x 10 


sterile serum bottles and incubated at 37° for 18-20 
hours. Cell populations determined 
ind after exposure to the various amino acids, using 
the poured-plate method for Fol- 
lowing incubation, the amino acid-cell mixtures were 
centrifuged at 650 X G for ten minutes. A leur-loc 
type syringe, equipped with a sterile Swinney filter 


were before 


viable counts 


assembly, was used to render the supernatant solu 
tions cell-free 
these Seitz-type pads did not alter the amino acid 
Small 


modification of 


It was previously determined that 


concentration of the solutions volumes of 
filtrates 
the microchemical method cited by Housewright and 


Thorne (4) 


these were analyzed by a 
The microchemical procedure involved 
replicate spotting of 0.003-ml. to 0.004-ml 
of sample on Whatman No. 1 filter paper 

was done over an electric warm plate (70 

spot diffusion. The total 
ranged between 0.01 ml. and 0.03 ml Therefore, 
each spot contained between 10 yg. and 30 yg. of 
initial concentration 


iliquots 
Spotting 
)} to mini 
spotted 


mize volume 


amino acid on the basis of the 
available to the bacterial cells 
excised and cut into small pieces measuring approxi 
mately three square millimeters. All 
from one spot were placed in a chemically clean 50 
ml. Pyrex tube, covered with 3 ml. of 2% ninhydrin 
reagent, and exposed to free-flowing steam in the 
autoclave for five After the 
tubes were permitted to cool and 22 ml. of a mixture 


rhe entire spot was 


of the pieces 


minutes steaming, 


VARIANTS OF PSEUDOMONAS 


AERUGINOSA*® 


Amino Acid Smooth 
Glycine 
pL-Isoleucine 


pL- Threonine 


pt-Alanine 
pL-Leucine 
pL-Aspartic acid 
pL-Glutamic acid 


pi-Valine 
pL-Serine 

pL- Methionine 
pL-Phenylalanine 


L-Cysteine 


represent the per cent amino acid used 
mooth cell M mucoid cell 
d n each bracket 


Abbreviations 


of cells ed for all of the amino ac 


Mucoid 


after exposure to 


and I 


Cells/ MI 


10" 
10O' 


108 
108 
10% 


S—36 X 
M—60 X 
F—12 xX 


twice-washed 18 to 20-hour-old cells for 18-20 hours at 


filamentous cells Numerical data refer to the number 
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of equal volumes of n-propanol and distilled water 
The color 
was measured on a Fisher 
The color 
imeter was previously standardized at 100% trans 
a blank made from 
hydrin reagent and 22 ml. of 50% n-propanol. All 
readings of control and test 
made from the same tube 


was added to elute the colored squares 
intensity of the eluate 
electrophotometer using a 425-B filter 


mission with 3 ml. of 2% nin 


system eluates were 
Amino acid test systems 
were analyzed six or eight times except for aspartic 
ind glutamic acids which were done in duplicat« 
Controls differed from test 
being exposed to bacteria. All per cent transmission 


systems only in not 
data were averaged and plotted against standard 
his gave the average per cent of 
acid utilized by each colonial variant An 
example of the actual figures obtained for prepara 
tion of one standard curve and one amino acid de 
termination is presented in Table I 


control curves 
amino 


The per cent 
transmission figures for colonial variants are based 
representing an initial concen 
tration of 20 ug. of amino acid 


on a 0.02-ml. spot 

The ascending paper chromatographic technique 
was used in the studies on glutamic acid synthesis 
Strips were developed in a one phase, 80% aqueous 
phenol 
ninhydrin was used as the color-developing reagent 
An attempt was made to determine differences in the 
rate of glutamic acid synthesis between mucoid, 
smooth, and filamentous variants. Twice washed 
cells, suspended in pH 7.4 phosphate buffer, were in 
cubated at 37° in a solution containing approxi- 
mately equimolecular quantities of aspartic acid 
and a-ketoglutaric acid. Controls of aspartic and 
glutamic acids were run concomitantly. Synthesized 
glutamic acid was estimated visually, comparing 
the chromatograms of controls and test systems for 
spot size, color intensity, and the rate of appearance 
of glutamic acid in aliquots removed at one, two, 
four, and six hours 


system. Following development, 0.075% 


RESULTS AND DISCUSSIO 


The ability of P variants to attack 
representative amino acids is summarized in Table 
II. The detailed per cent transmission data and 
statistical data upon which these per cent utilization 
figures are based are recorded elsewhere (5 The 
differential utilization of amino acids by these three 
variants of P. aeruginosa emphasizes the importance 
of using pure morphological types of bacteria to 
obtain predictable activity in microbiological assays 

The results between isoleucine and 
between valine and serine are in theoretical agree 
ment with the findings of Webster and Bernheim 
these authors indicated that me 
thionine was not attacked by P. aeruginosa. The 
present writer found that this amino acid was par 
tially utilized by smooth cells 

The data reported for alanine are in agreement 
with the author's results obtained previously 
At that time, smooth cells utilized 17.7% of the 
amino acid as compared to a 20% utilization 
filamentous cells. Current figures average 25 
and 31% respectively. These higher figures are 
consistent with the increased incubation time of 6 
to 8 hours for the present set rhe per cent utiliza 
tion of alanine by the smooth cells and by filamen 
tous cells are not considered to be significant differ 
ences, but are included here to emphasize the repro 


aeruginosa 


leucine and 


(6). However, 
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ducibility of data. Kendall, et al. (7 
11% utilization of alanine by P. aeruginosa under 
aerobic conditions for a period of 6 hours. This 
figure most closely approximates the current results 
for the filamentous cells. 

rhe experimental error in the microchemical 
method used in this study was less than 5%. 


, reported an 


Related studies on glutamic acid synthesis showed 
that cells from the smooth and mucoid colonies 
synthesized demonstrable quantities of this amino 
acid by the end of the first hour. Smooth and mu- 
coid aliquots from two-hour exposures showed a 
spot and an 
additional decrease was apparent on the four-hour 
chromatograms. The six-hour chromatograms were 
the same as the four-hour spots, indicating that syn- 
thesis and utilization of glutamic acid were pro- 
ceeding at a comparable rate. Although 
sized glutamic acid was not apparent until the end 
of the second hour in aliquots exposed to the fila 
mentous variant, the concentration increased pro 
portionally to the time of incubation. This lends 
support to the observation made in the amino acid 
utilization studies that the filamentous variant was 
unable to attack glutamic acid 


decrease in color intensity and size, 


synthe 


SUMMARY 


The diverse physiological activity of colonial 
variants of Pseudomonas aeruginosa is reported 
All of the amino acids used in this study were 
utilized to some extent by at least one of the 


variants of P. aeruginosa. All of the variants 


used aspartic acid, isoleucine, and alanine to a 


greater extent than other amino acids. Serine 


was utilized least. Approximately one-fourth 
of the available glutamic acid was used by the 
smooth and mucoid cells but none was used by 
the filamentous variant. Conversely, 25 per 
cent of the available glycine and 17.5 per cent 
of the available cysteine was used by the fila 
mucoid 
The 


and the 


mentous variant while the smooth and 
cells were unable to use these amino acids 


filamentous variant was most active 


mucoid state was least active in attacking 


amino acid substrates. The variable utilization 


of amino acids within the species emphasizes 


the importance of using pure morphological 


types of bacteria to obtain predictable activity 


in microbiological assays 
All P. aeruginosa variants were able to synthe 


size glutamic acid in a suitable donor-receptor 


system. 
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An Automatic Viscometer for 
Pharmaceutical Research* 


By JOSEPH C. SAMYN?# and ALBERT M. MATTOCKS 


A viscometer designed for rheological measurements of pharmaceutical suspensions 


is described. 
sented. 
made. 


Typical tracings for Newtonian and non-Newtonian materials are pre- 
Measurements of twenty-one commercial pharmaceutical suspensions were 
The majority of these suspensions exhibited some degree of thixotropy. 


Variation in thixotropy with history of the suspension is illustrated and the need for 
a system of measurement which is independent of history is shown. 


rheology of 


A™ INVESTIGATION into the 
' id 


suspensions and emulsions immediately 


leads to a need for a suitablk 
men 
field |} 


i! 


measuring instru 
Previous pharmaceutical workers in this 
ive tried a variety of viscometers, includ 


ig a falling-ball viscometer l a modified 


MacMichael viscometer (rotating cup) and 


Fig. 1 


bob 


cevlinder 


1 modified Stormer vise: 
4 It is 


rotational 


meter 
that a 


rotating 
believed concentri 
viscometer 1s best for rheological 
emulsions 


affords 


measurements of suspensions and 


t-S Its advantages are it readily 


* Received October 26, 1956 
University of Michigan 
TLilly Foundation Fellow 
rhe authors wish to acknowledge with thanks the help in 
designing this instrument furnished by John A. Mannlein 
ostrument maker at the University of Michigan 


from the College of Phar 
Ann Arbor, Mich 


macy 


various rates of shear, the shearing stress is es 


sentially constant for a small gap between cup 


and bob, and it allows continuous shearing of the 
same material, thus enabling time-breakdown 
studies 


Work in 
modified Stormer and 


this laboratory has shown that the 


Mac Michael 


viscometers 


Photograph of entire assembly. 


Stormer vis 


rhe 


rapid 


have definite limitations 


cometer does not offer uninterrupted 
changes of speed, while the MacMichael has too 
narrow a speed range, poor speed control, and 
cup and bob alignment is difficult to obtain 
A rotational cup viscometer developed by Green 
(9) for the study of printing inks has largely 
overcome these limitations 

An instrument patterned after that of Green 


was used in this laboratory. Several weaknesses 
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of the apparatus became evident when applied 
to pharmaceutical preparations. The low range 
of suspension wires necessitated frequent changes 
of The 
bearing used to align the bob introduced exces 


wires and frequent  recalibrations 
sive friction for suspensions of low viscosities, 
and alignment of the cup was difficult to main 
tain due to its being supported only at the bot 
the for 


manual changing of speed and reading of the 


tom. Further, time lapse required 
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graph of the entire assembly, while Fig. 2 is a dia- 
grammatic sketch of the instrument. The cup is 
belt driven from a «H. P. Master Speedranger 
Motor with thyratron control. This combined 
unit was obtained from Master Electric Co., Day 
ton, Ohio. The basic speed range is from 0 to 500 
r. p.m. Since the instrument utilizes belt drive, 
alteration in pulley extend this 
range. The speed variations in a given range are 
obtained by either a manual or an automatic change 


size can greatly 


in potentiometer settings which varies the potential 
on the grid of the thyratron tube, thus changing the 


220 VAC. 
| 
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Fig 


dial prevented an instantaneous measurement of 
torque 

Weltmann and Kuhns (10) and Merrill (11) 
have recently described viscometers primarily 
intended for materials of relatively high con 
sistencies in which they incorporated a recorder 
and an automatic speed changer 

The authors have developed a _ viscometer 
utilizing the basic design of Green, making the 
modifications necessary for study of pharma- 
ceuticals, thus overcoming the limitations men 
Further, an X-Y recorder and an 


automatic programmer have been developed 


tioned above 


DESCRIPTION OF THE VISCOMETER 


Drive and Program Unit.—Figure 1 is a photo 


Diagrammatic 


sketch of viscometer 


voltage supplied to the motor windings. The motor 
is equipped with magnetic damping which on de 
creasing speed damps out the momentum quickly, 
thus making a given potentiometer setting more 
The motor 
is mounted on rubber to reduce vibrations to an ac- 
ceptable level 

The manual potentiometer settings 
reproducible. This was accomplished by using a 
large radio dial mounted on the potentiometer shaft 
Around the dial, at equally spaced intervals, holes 
were bored. As the dial is rotated a steel button 
falls successively into each hole as it passes, thus 
speed changes can be made by touch without hav 
ing to read the dial. This feature was used pri 
marily when a visual reading of angular rotation was 
obtained by means of a calibrated disk on the bob 
The manual speed control is also of value for meas 
urements to be made over a long period of time at 
one fixed speed of rotation 


truly representative of a given speed 


are easily 
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iutomatK« 
This potentiometer is in 
manual potentiometer 
of the automatic 
driven by a 
motor rhis 
circuit diagram, and circuit components (ex 
obtained from Bodine 
Chicago, Il. Variations in gear size 
to obtain different rates of speed 


potentiometer ts 


Programming by the 
i\ 


gener | more desirabk 


] 


i parallel circuit with the 


Figure 3 is a diagrammatic sketch 


potentiometer assembly It is gear 


9 r. p. m. synchronous reversible 
motor, 
ept for 
Electric Co 
make it possible 
hange, 
is constant A microswitch 


microswitch) were 


but for a given pair of gears the acceleration 
iutomatically tripped 
by “‘fingers’’ mounted on the shaft reverses the direc 

tion of rotation of the potentiometer, thus decelerat- 
usually 
potentiometer 


ing the cup rotation hese “‘fingers’’ are 
mounted that they 
direction at its minimum 


Manual pressing of the microswitch allows reversal 


reverse the 


ind maximum resistance 


it any desired speed 

A Weston D-C tachometer, geared to the motor 
driving the cup, has an electrical output directly re- 
lated to the rate of shear 
from 0 to I is fed to the Y 
recorder 


rhis voltage, varying 
2 volts, scale of the X-Y 
Unit. Curado ind Braddicks 
Weltmann and Kuhns (10), 
reported the use of 


Strain Gauge 
12), Stock (13), 
Merrill (11 
train gauges in viscometry The strain gauge em 
ployed in this instrument is Model G7A-0.15-350, 
produced by Statham Instruments Inc A circuit, 
supplied with the strain gauge, containing the volt 
iwe source, the calibrating resistor, and the milli 
immeter has been constructed and is being used 
The range of the strain gauge is +0.15 oz. and its 
electrical output is + 3.6 volts ex 
citation rhe nonlinearity of this unit is stated as 
less than + 1% of full scale 
rhis particular strain gauge is built in the form of 
With no force exerted, the 
voltage is applied and the resistances are balanced 
When a force is exerted, one of the resistors is com 
or elongated, thus changing its electrical re 
sistance i current to flow which is a 
measure of the applied force rhis force is, in turn, 
a measure of the shearing stress developed at any 
The output from the strain 
gauge is fed either to a milliammeter, to be read 
visually, or to the X scale of the X-Y recorder for 
recording 


and 
have previously 


20 millivolts at 


i Wheatstone bridge 


pressec 


his causes 


given rate of shear 


Unit.—-The recording instrument is 
Autograf Model 3 X-Y Recorder 
It is a servomechanism, self-balancing type instru 
ment The range of inputs acceptable by this re 
corder is from 5 millivolts to 500 volts for full scale 
travel The X and Y 
pendent drives and the 
is claimed to be within 
Cup and Bob Unit. 


the cup and bob 


Recorder 
The Moseley 


servomechanisms are inde 
vccuracy of the instrument 
$0.25% 
Figure 4 is a detailed view of 
An important feature 
of this assembly is the use of point bearings to reduce 


assembly 


friction By this means, there 
ind the frictional loss is 0.2 Gm 
this is constant it is corrected for by subtraction 
Stainless steel pins extend from both ends of the bob 
rhe lower pin rides in a centered depression cut into 
the cup while the upper pin fits into a spring-backed 
metal bearing 
in arm which slides on 
ting of this arm 


ire only two points 


of contact Since 


The upper bearing is imbedded in 
a post Reproducible set- 


assures concentric alignment of the 
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Fig. 3.—Automatic potentiometer assembly 
D, potentiometer drive (synchronous motor); 
F, “fingers”; G, gears; P, automatic potentiometer; 
S, microswitch. 


cup and bob. This is accomplished by having the 
arm slip down on a dowel driven through the post 

Spaced near the top and bottom of the cup are two 
sets of ball bearings which assure its proper align 
ment. These bearings are permanently mounted 
After the cup is inserted, it is locked in position by 
a set of lower pins to prevent it from “riding up” 
during any measurement 

The cup is machined out of brass and is fitted with 
a threaded plastic cover. Two bobs have been used 
to date. One is made of stainless steel while the 
other is of aluminum. Both bobs have stainless 
steel pins 

The torque transmitted from the cup to the bob by 
the material in the annulus is carried by a lever 
arm (B) to facilitate the use of various size lever 
arms. This arrangement, in combination with vari 
ations in bob size permits measurement of a wide 
range of consistency with a single strain gauge. In 
addition for still higher consistency studies, possibly 
with ointments, other commercially available strain 
gauges may be readily interchanged 
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Thermostat Unit. 
is mounted in a bath 
face necessitate the use of an oil dispersion instead 
of water as the bath liquid. A thermoregulator and 
stirrer are employed and at 30 


rhe cup and bob assembly 


rhe bearings below the sur 


the temperature may 
be maintained within 0.1 


OPERATION OF THE VISCOMETER 
Calibration of Strain Gauge and X-Scale of Re- 


corder.——Th« 
idjusted to 3.6 \ 


ipplied to the strain gauge is 
ind the output of the strain 
A standard wire-wound 
50,000 ohms) is then switched 
into the circuit, thus throwing the bridge circuit out 
of balance and simulating a fixed force applied to the 
gauge This causes a flow of current which can be 
read on the microammeter (2.9 ya 
the X-Y recorder (6 A zeroing potentiom 
eter in the circuit may be used to reduce the output 
of the gauge 
resistor so 


the 


voltage 
gauge is adjusted to zero 


precision resistor 


or recorded on 
3 mv 


in terms of increments of the standard 
is to make possible standardization of 
recording for lower outputs rhe response of 
the strain gauge has been found to be linear with re 
spect to the force exerted upon it, and the tracing 
of the recorder is linear with respect to electrical in 
put; therefore, the length of the line traced by the 
recorder (or the current read on the microammeter 
is proportional to force or By applying 
weights to the strain gauge the gauge was calibrated 
in terms of the standard resistor which was found to 
equal 3.5 Gm. or 3,430 dynes 


torque 


The equivalence in 
torque depends on the length of lever arm (force in 
dynes X lever arm in cm. = torque in dyne-cm. ) 

Calibration of the Manual Potentiometer and 
Y-Scale of Recorder.—-The manually operated po- 
tentiometer is calibrated at each setting by means 
of a revolution counter and a stopwatch 
tracing on the Y 


For each 


setting a scale of the recorder is 
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also produced. A plot of r. p. m. vs. length of line 
produced on the Y-scale was linear hereafter, a 
single setting is used to calibrate the tracing of the 
recorder 

Choice of X-Scale, Bob and Lever Arm.— For each 
material that is to be measured the bob and lever 
arm are chosen so as to utilize as near as possible the 
full range of the strain gauge Thus, for a rather 
thin material the larger bob is chosen so as to obtain 
greater torque. Also, a short arm may be 
chosen to increase the force transmitted to the gauge 


lever 


a bob of smaller 
irin may 


For material of high consistency 
be selected so 
as to keep the force within the limits of the gaug« 

When the output of the strain gauge is low it may be 


diameter and a longer lever 


magnified by switching to 0-5 or 0-10 mv. ranges on 
the recorder. The cup, bobs, and 
lever arms now being used are shown in Table | 


dimensions of 


TABLE I DIMENSIONS OF Cup, Boss, AND LEVER 


\RMS 


Arms 
* om 


Lever 
Length 
9 7 


i. Oe. woe 
12.0 
19.0 


6.5, 4.0, 


14.0, 16.5, 


Actual effective lengtl 
of strain gauge 


arm depends on position 


RESULTS 


In order to measure the accuracy of the viscom 
eter three standard solutions were pre 
pared and their viscosities measured in an Ostwald 
viscometer (previously calibrated with a Bureau of 
Standards oil 


glycerin 


These solutions and a Bureau of 


J 


+s 








Detailed view of cup and bob assembly 
D, bob; E, cup; G, bath 


Fig. 4 


gauge F, ball bearings; 


gears; L, manual potentiometer; M, drive shaft; N, tachometer; O, motor; §S, 


plate. 


A, upper bearing; B, lever arm; C, 
H, thermometer; I, stirrer; 


track for strain 
J, thermoregulator; K, 


strain gauge; P, aluminum 
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Standards oil were measured in this instrument 
Results are shown in Table II and a typical glycerin 
curve is illustrated in Fig. 5. From these results it 
said that Newtonian viscosity can be meas 
ured with an error of 0.5‘ This accuracy is 
obtained only with proper choice of cup, bob, and 
With non-Newtonian materials the pre 


can be 
/ or less 


lever arm 
cision of the instrument may be expected to be the 
same, but the coefficients of viscosity and yield val 
ues cannot be expected to be as accurate since prop 
erties of these materials, such as history and instabil 


ity of the systems, cause added variations 


ERRORS OF MEASUREMENT OF 
TONIAN MATERIALS 


ras.e Il 


x Rotational 
cale Lever Viscom 
Used Arm Ostwald eter 
Material Mv cm Poise Poise 
B. Std 06349 
Glycerin 3887 
3R85 
5946 
5933 


YS 1 


06366 
10 5.00 O.3897 
10 0.3897 
10 a) 0. 5936 
10 8 5936 0) 


20 692 1.972 1 


Onl 10 5S 0 } 


It was of interest to see how well typical phar 
maceutical suspensions might be measured and at 
the same survey commercial products in 
order to learn the types of flow properties commonly 
utilized in Accordingly, twenty-one 
commercial suspensions, representing a variety of 
concentrations of therapeutic materials 
1 variety of manufacturing laboratories, 
measured in the viscometer. The curves ob 
illustrated by Figs. 6 and 7. The 
pension shown in Fig. 6 exhibits pseudoplastic flow 
found in other suspensions 
7 exhibits thixotropy 
which was found in varying degrees in seventeen 
nmercial preparations rhese findings in 
; of flow are represented 


time to 
suspensions 


types am 
is well as 
were 
SUS- 


tained are 


which was also two 


rhe suspension shown in Fig 


other cor 
that although all type 








1.0 > 2.0 2.5 
Torque X 10°4 dyne-cm 


Newtonian 
10~*; ordi 


curve 
cin a 


Fig 5 lypical glycerin 
Flow abscissa, torque—dyne 


nate, rate of shear—r. p. m 
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Fig. 6.—Commercial 
flow . abscissa, Tx que 
rate of shear—r. p. m 
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Fig 7.—Commercial — suspension 
character; abscissa, torque—dyne-cm x 10 
ordinate, rate of shear—tr. p. m 
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Fig. 8.—Effect of history on thixotropy. Ben 
tonite suspension, 5%; curve 1, 15 min. rest prior to 
measurement; curves 2, 3, and 4 run consecutively 
without rest period intervening 
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by commercial suspensions the majority seem t 


utilize thixotropy as a basis for maintaining suspen 


sion 
DISCUSSION 


Consistency changes induced by shaking, pouring, 
ind length of standing tend to alter the condition 
when thixotropi 
urements are performed, marked differences are pos 


of the gel. Consequently meas- 
which can greatly in 
An attempt to stand 
or the employment of 
would 


sible in starting consistencies, 
fluence experimental results 

ardize the sampling procedure 
i pretreatment which 


wipe out pre vious 


history’’ should be given serious consideration 
Figure 8 is an exaggerated example of the impor 
tance of history in the measurement of thixotropy 
Curve 1 w 
stand for Curves 2, 3, 
ind 4 were run consecutively without rest periods 
If history were completely ignored, all of these four 
curves would have to be considered representative of 
Normal varia 


is obtained after allowing the sample to 


15 minutes before shearing 


the rheological flow of this material 
tions in starting consistencies of thixotropic matt 
likewise, i disrupting influence on any 
coefficient of thixotropy Future work 


rials, have 


proposed 
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with the viscometer described in this paper will be 
directed toward the 
thixotropy 


evaluation of coefficients of 


Particular emphasis will be placed on 
the establishment of the history of the sample and 
the possible elimination of history as a factor in 
the evaluation of coefficients of thixotropy 
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The Preparation of Some Imidazoline and Amidine 
Compounds* 


By BERNARD ECANOW?} and OLE GISVOLD} 


Considering the amidines as the “open” model of a drug and the imidazolines as the 
“closed” model, a series of alkyl esters and amides of p-(2-imidazolin-2-yl) benzoic 


acid were prepared. 


The analogous esters and amides in the amidine series were 
previously shown to have marked local anesthetic activity. 


A series of esters of p- 


amidinobenzoic acid, containing alkyl groups in the amidine portion of the molecule, 
also were prepared. 


|, 2) have described 


Pp" VIOUS PUBLICATIONS 


the synthesis of some esters and amides of 


p-amidinobenzoic acid. Some of these com 


pounds exhibited marked local anesthetic activity 


together with favorable toxicities. However, in 


clinical trials it was found that a pruritus was 
produced when the compounds were injected into 


the forearm of man lo study the effects of 


further structural modifications, a series of com 


* Received December 29, 1956, from the College of Phar 
macy, University of Minnesota, Minneapolis 14 

Abstracted from a thesis submitted to the Graduate Fac 
ulty of the University of Minnesota by Bernard Ecanow in 
partial fulfillment of the requirements for the degree of Doctor 
of Philosophy 

t Assistant Profe 
Butler University, Indianapolis, Ind 

t Professor of Pharmaceutical Chemistry 
Pharmacy, University of Minnesota 


or of Pharmacy, College of Pharmacy 


College 


pounds containing alkyl groups in the amidino 
residue were prepared 

rhe amidine compounds may be considered as 
the “‘open’”’ model of a drug and the corresponding 
With this 


idea in view, a series of imidazoline compounds 


imidazoline as the ‘‘closed’’ model 


were prepared 


These compounds are being screened for 


possible biological activity 
EXPERIMENTAL 


p-Cyanobenzoic acid was prepared in good yield 
described procedures (2) 
The method of purification of the crude p-cyano 
benzoic acid was improved by the following pro 
cedure rhe crude p-cyanobenzoic acid obtained 
in the above procedure (2) was suspended in a liter 


according to previously 
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I \LKYL p 


HCl—NHR 


R’ 
Met Benzy! 
Methy! Cyclohexyl 
Methyl lsoamy! 
Ethyl Benzyl 
Ethyl Cyclohexy 
lsopropy! Benzy! 


k 
1\ 


} 


lsopropy! Cyclohexyl 


of ether and boiled The ether was decanted into 
in evaporating dish and evaporated on a steam pot 
icid remaining in the evaporat 

This procedure was 
remaining after 


material 


The p-cyal obenzoK 
and powdery 
the 


only 


ing dish was dry 
with 
until 


material de 


ether-insoluble 


repe ated 
cantation re 
mained 


Phe p 


cyanobenzamides, and the esters of p-« 


N,N-dialkyl-p 


yanobenzoic 


cvanobenzovl chloride, 


icid were prepared essentially according to the pre 
» 


viously described procedures (1, 


The alkyl p-ethoxycarbonylbenzimidate, — the 


raace Il 


H,C 


n-Butvyl 


n-Amyl 


* As the HC! 
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N-ALKYLAMIDINO 


NH 


ESTERS OF p-(2-IMIDAZOLIN 


N 


ASSOCIATION 


BENZOATES 


C.H,—-COOR 


M. p Molecular 
C Formula 
245-246 CiysH pOeN 
225-226 CisH yO, 
CyyHaN 
Cy HyO. 
CigH Or 
CisH2, 02 


2()-207 
195-196 
170-171 
184—185 


-—x 


— 
HKO=BMAIK 


283-284 20) 


IAZODZOCAZAZZHA 


A, me 


N, N-dialkyl-p-carbethoxyimidobenzamides, and the 
ilkyl p-(N-alkylamidino) benzoates prepared 
essentially to the l 


were 
according previously described 
procedures (1-3 

Alkyl p-(2-imidazolin-2-yl) benzoates 
pared by dissolving the alkyl p-ethoxycarbonyl 
benzimidate (7-10 Gm.) in 100 cc. of absolute ethanol 
ind sufficient ethylenediamine to give a pH of 75 
to 8 (tested with nitrazine paper The solution was 
heated in a water bath at 70° for three to five hours 
The solution was then concentrated, by means of an 


air-jet, until some precipitate appeared. Water was 


were pre 


2-y_L) BENzoIc 


Molecular 
Formula 


CyHyN,0,Cl 
CisH N20; 
HigN 


Cc 


CisHizN2 
Ci ,HigN: 
C, 


HN 


CisHaN 


CiHisNe 


CicHooNe 
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PasLe II1.—-p-(2-IM1IpAZOLIN-2-YL) BENZAMIDES 


H,C N 


Molecular Analysis Found, 
Formula Caled % 
H H 7 288-289 CyH»N;,OC! 4 32 19.65 
: 15.02 
Methyl *heny!l 3. 202-203 CyHyN,O se Oa 72.92 
6.23 
Ethyl Ethyl 71.5 136-137 CyHyyN,O : : 16.30 
Amides of p-Cyanobenzoic Acid? 
NC—C.H,—CONRR’ 
Methyl Phenyl 65 104-105 
Ethyl Ethyl 62 79-80 


Ethyl p-( N, N-dialkyl-carbamoyl!) Benzimidates 
HCl. NH==C(—OC,H;)-CsH;CONRR’ 
Methyl Phenyl 77 125-127 
Ethyl Ethyl 70.2 134-135 


These intermediates were not analyzed 


then added to the mixture and a heavy precipitate p-(2-imidazolin-2-vl) benzamides, two amides of 
formed. The sustuve was piuced me the semiguater p-cyanobenzoic acid and two ethyl p-(N,N- 


overnight. The precipitate was filtered off and re- " tin 
. dialkyi-carbamoyl) benzimidates are reported. 
crystallized from a water and acetone mixture 


The results obtained in the syntheses of the inter- 3. The above compounds are being screened 


mediates and the final products are summarized in for their pharmacological and antibiotic activi- 


Tables I, II, and III ties. 


SUMMARY REFERENCES 
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A Preliminary Phytochemical Investigation of 
Digitalis grandiflora” 


By KLAUS R. FIEDLER and OLE GISVOLD}{ 


Modifications of previously published extraction methods as applied to the fresh first- 
year leaves of Digitalis grandiflora are described. These modifications gave better 
results when applied to this species of digitalis. New solvent systems employed in 
paper chromatographic studies showed the presence of a-acetyl digitoxin, digitoxin, 
digoxin, and a glycoside whose aglycon belongs to the gitoxigenin series. Crude 
saponins were present to the extent of two per cent of the dry weight of the leaves. 


‘ | ‘HE PHYTOCHEMICAL INVESTIGATION of the systematic investigation of all the digitalis 
first-year fresh leaves of Digitalis grandt species carried out at the College of Pharmacy, 
flora represents another contribution to the University of Minnesota. Additional interest 


*Received September 26, 1956, from the College of Phar was stimulated by the fact that little is known 
macy, University of Minnesota, Minneapolis 14 ‘ > exac whvtochemicz é ‘ _— 
Abstracted from a thesis submitted to the Graduate School abe -_ the exact I hyt chemical and pharma 
of the University of Minnesota by Klaus R. Fiedler in partial cological pre yperties of this species. Impr« ved 
fulfillment of the requirements for the degree of Master of . i: - a 
Science investigational procedures also supplied an added 
Professor of Pharmaceutical Chemistry, College of Phar ; . 
macy University of Minnesota impetus to these studies. From the recently 
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acquired knowledge that, although glycoside de 
grading enzymes are efficiently inactivated by 
heat, the original acetyl-glycosides, upon standing 


in alcoholic or aqueous solutions will attain 


equilibrium with their isomers and undergo 


deacetylation 
rhe successful application of anion exchange 
resins to phytochemical investigations has been 


reported (1). A resin having a small enough 


particle size might function by both chromato 


graphic adsorption and by ion exchange and thus 
When a 
Rohm and 


serve a multiple purpose in purification 
(IR-4B, 


was used, cardiac glycosides, pig 


weak anion exchange resin 
Haas Co 
ments, acids, and other nonglycosidal constit 
uents were retained on the column from which 
they could be removed by the usual elution 
methods, whereby a separation according to the 
types of genins occurred. Since the glycosides 
are desorbed with nonpolar solvents no de-esteri 
fication takes place. 

The addition of small amounts, of about one 
per cent, of certain salts to the primary extract of 
the the 
emulsions during secondary liquid extractions 


with 


fresh leaves minimized formation of 


water-immiscible organic solvents. De 


esterification (2) and loss of glycosidic materials 
by adsorption on insoluble particles of clarifying 
agents (PbO) is eliminated by substituting ions 
for these insoluble compounds 

Very effective extraction of cardiac glycosides 
from the fresh leaves can be achieved with water 
containing 10° methanol and by using only °/s; of 
the volume needed for optimal extraction by 
water (3 An increase in the alcohol content 
results in solution of chlorophyll complicating 


later purification 


EXPERIMENTAL 

Primary Extract.—A primary hydroalcoholic 
(10% methanol) extract of 6,325 Gm. of frozen 
leaves (about 81% moisture) of Digitalis grandiflora, 
grown in Minnesota during the summer of 1955, 
was prepared to previously published 
procedures for the preparation of aqueous extracts 
3). The use of methanol permits a reduction in 
volume of the primary by about 40% 
Coagulation of all proteins was accomplished by 
heating each batch to 76°-80 The first half of the 
dark-brown filtrate was extracted per se while the 
second half (yellow color) was concentrated under 
vacuum to a small volume and then combined with 
the dark solution of the batch. The 
hydroalcoholic solution was defatted by extraction 
with petroleum ether and subsequently successivel) 
extracted with various organic solvents 

Ether Extract.— Extraction of the primary ex 
tract with ether vielded a clear green ether fraction 
and a small amount of emulsified interphase most of 


according 


extract 


following 
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which broke on standing. Removal of the ether 
resulted in a dark green, tarry semisolid mass which 
was defatted and partially decolorized by digesting 
with petroleum ether. The resulting light green 
powder was taken up on filter cel and extracted in a 
Soxhlet with petroleum ether, ether, dichloro 
methane, and methanol. Only the ether portion 
contained glycosides ‘his material was dissolved 
in an excess of chloroform and then shaken out with 
three l-cc. portions of 1% sodium hydroxide so 
lution, one cc. portion of 1% acetic acid, and three 
times either with water or 30% methanol. The 
glycosides were then subjected to partitioning from 
a 16% methanolic solution with various solvents 
After removal of the from each of the 
fractions a light tan powder was obtained after di 
gestion with petroleum ether. The results are given 
in Table I. The glycosides in each fraction were 
identified by paper chromatography using the 
antimony trichloride reagent. From fraction 3 
a-acetyl digitoxin crystallized together with digi 
toxin as mixed crystals from a mixture of ether and 
chloroform after five weeks at room temperature 


solvent 


PARTITIONING OF ETHER SOLUBLE 


GLYCOSIDES 


rAaBLeE 


Acetyl digitoxin 
Acetyl digitoxin 


Benzene 
Benzene-chloroform 


Benzene-chloroform Acetyl digitoxin (trace 
3:2 and digitoxin 

Chloroform Digitoxin 

16% Methanolic Digitoxin 
solution 

Benzene interphase a 


tract 


Acetyl digitoxin 


Dichloromethane (DCM) and Methyl-isobutyl 
Ketone (MIBK) Extracts.—The primary extract 
was extracted with DCM and then with MIBK. A 
brown viscous oil was obtained in both cases after 
removal of the under reduced pressure 
Digestion with petroleum ether transformed both 
oils into tan powders. Although the MIBK extract 
was only partially soluble in DCM it and the DCM 
extract seemed to contain the same glycoside when 
examined by paper chromatography The DCM 
and MIBK extracts were mixed with filter cel and 
extracted in a Soxhlet as described for the ether 
extract. In this case both the ether and the DCM 
fractions were positive for glycosides. These two 
fractions were purified individually by 
them in chloroform with the aid of a small amount 
of ethanol and shaking out with sodium hydroxide 
solutions as described previously. Since both frac 
tions behaved identically on chromatograms they 
were combined and the solvents removed. Digest 
ing with benzene more nonglycosidal 
material after which the semisolid mass was trans 
formed to a light tan powder by digestion with 
petroleum ether. Final 
plished by partitioning the material from a hydro 
alcoholic solution (25 mg. powder per 100 cc. of a 


yy 07 
20% 


solvent 


dissolving 


dissolved 


purification was accom 


methanolic solution) into benzene-chloroform 
chloroform (twice); and finally 
1 (three times The bulk of 
chloroform and in 


3:2 (three times) 
chloroform-ethanol 1 
the material was found in the 


the chloroform-ethanol mixture, as evidenced by the 
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intensity of the paper chromatograms 
Only traces were found in the benzene-chloroform 
mixture and in the remaining hydroalcoholic solu- 
tion. When compared chromatographically with a 
standard sample of digoxin, identical results were 
obtained. To substantiate further the identity of 
the glycoside a 50-mg. sample of the powder was 
hydrolyzed with 50 cc. of a 0.05 N solution of sul 
furic acid in methanol for 45 minutes and then neu 
tralized by the addition of barium carbonate 
Chromatographic comparison with a _ hydrolized 
sample of digoxin gave the same Ry, values 


spots on 


Butanol Extract. 
tracted lastly 


The primary 
with m-butanol 


extract 
A chloroform wash 
of the brown semisolid residue, obtained after evapo 


was ex 


ration of the butanol, gave a positive test with the 
antimony trichloride reagent, i.e., a brilliant blue, 
while the Therefore, the 
residue and the chloroform washings were combined 
ind dispersed on filter cel and extracted in a Soxhlet 
with petroleum ether, DCM, and methanol. The 
DCM fraction contained digoxin that, after an alka- 
line purification in which distilled water had been 
20%), was com- 
bined with the former digoxin fractions before par 
titioning Although the methanolic 
tained primarily saponins 
test viewed under U. V 


saponins appear yellow 


substituted by aqueous methanol 


extract 
an antimony trichloride 
light showed a blue ring 
around the saponin spot, suggesting the 
presence of other glycosidal material. A subse 
quent Keller-Kiliani test produced a red sulfuric 
acid layer without a blue or brown color ir the inter 


con 


vellow 


phase or the upper layer This glycoside most 
likely was a very water-soluble derivative of gitoxi 
genin. It was separated from the saponins by pre 
cipitating the latter by the addition of acetone in 
the cold, whereby the above glycoside remained in 
the methanolic mother liquor. Concentrating the 
mother liquor and renewed addition of acetone gave 
a second crop of saponins without precipitating the 
The filtered off, washed 
with acetone, and air dried, yielding a total of 25.8 


Gm. of amorphous material 


glycosides saponins were 


After evaporation of the mother liquor the result 
ing brown semisolid mass was insoluble in chloro 
form but was soluble in a 1:1 mixture of chloroform 
and ethanol, or in water, thus preventing the use of 
an alkaline purification 
umns were ineffective 
procedure used by 


Since ion exchange col 
in purifying this fraction, a 
r'schesche (4) was adapted. The 
material was completely dissolved in 80 cc. of dis 
tilled then shaken out two 25-cx 
portions of chloroform which extracted a 
umount of impurities but no glycosides 
portions of a 1 


water and with 4 


large 
Six 25-c« 
1 chloroform-ethanol mixture 
necessary to extract the glycoside 
material 


were 
After removal of 
transformed into a 
digesting with anhydrous ether, without 
extracting any glycosidal material. A chloroform 
wash dissolved some glycosidal material, more 


the solvent the was 


solid by 


was 
found in an acetone wash, while the remaining resi 
due was negative towards the antimony trichloride 
reagent rhe and the acetone-soluble 
fractions were identical in that they remained on the 
starting line in a two-hour chromatogram indicating 
their high water solubility To establish the 
identity of the genins of the two fractions a 2-mg 


chloroform 


sample of each was hydrolyzed by refluxing in 2 cc 
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of a 0.1 N solution of sulfuric acid in pure methanol 
for one-half hour, neutralized with barium carbon 
ate, and compared chromatographically with a 
sample of hydrolized authentic gitoxin. Identical 
Ry values were obtained for all three. A Keller- 
Kiliani test on the above two fractions indicated 
the absence of digitoxose. Hydrolysis under these 
conditions was incomplete when compared with the 
gitoxin sample 


Influence of Impurities on the Keller-Kiliani Re- 
action.—It might be well to point out that pigments 
ind other substances present in the various extracts 
obtained from Digitalis grandiflora, as well as other 
species of digitalis, markedly interfere with the 
Keller-Kiliani color test 


Paper Chromatographic Studies.—-A number of 
suitable solvent systems have been developed in our 
laboratories that markedly simplify the paper 
chromatographic analysis of certain cardiac glyco- 
sides. Results of these studies will also be published 
in other papers. The one developed for the studies 
reported in this paper has the following composi 
tion: formamide, ethylene glycol, water, methyl 
isobutyl ketone, and m-amyl acetate in the ratios of 
5:5:3:20:5. The stationary phase was composed 
of the first three solvents. The mobile phase would 
move 30 cm. in about 3 to 4 hours and this time 
could be decreased by applying the stationary phase 
to the paper by first diluting it with acetone in the 
ratio of 3:7 (5). No equilibration time was neces- 
sary The high boiling solvents made the system 
much less sensitive to temperature changes than 
lower boiling Temperature deviations 
simply resulted in a slower or faster movement 
of the mobile phase without effecting the R, values 
After application of the acetone-diluted stationary 
phase the paper was hung up for 60 to 90 seconds 
The samples were spotted on the paper and a total 
time of 10 minutes had elapsed from the time the 
stationary phase was applied to the paper and the 
placement of the paper in 
Whatman No. 1 
results are found in Table II 


solvents 


the chromatographic 


chamber paper was used. The 


rhe antimony trichloride reagent (10% in chloro- 
form) was used for detecting the glycosides. A 
solution of bismuth trichloride in an ether-acetone 
mixture darkened after two weeks rendering the 
reagent worthless; however, a fresh solution of the 
reagent gave the best results when a series of Lewis 
acids was tested as potential color reagents. The 
results obtained with some sum- 
marized in Table III. A successive increase in the 
atomic weight of the cation portion of the compounds 
gave a successive increase in the depth of the color 
accompanied by a successive decrease in the heating 
times. A reagent using the fluoroescence of the car- 
diac glycosides in U. V. light was preferred because of 
its greater sensitivity and its greater color contrast 
towards impurities of nonglycosidal nature. The 
Raymond reaction was not sensitive enough to test 
for purity in a glycoside, and it was difficult to dis 
tinguish a purplish-pink color of certain nonglyco- 
sidal constituents from a purple color of the glyco- 
sides 


Lewis acids are 


The chromatograms were superficially dried in 
front of three 250-watt infrared lamps to fix the 
paper. Any 


due to pigments were marked 


glycosides on the fluorescent spots 


The reagent was 
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Pas.e lil Re VALUES AND APPEARANCE OF 


Compound Rs Value 
Digitoxin 0.390 
Genin 0. 485 
a-Acetyl 0.731 
8-Acetyl 0. 280 Gray 
Digoxin 0.108 
Genim 0.1138 
a-Acetyl 0.260 Grayish purple 
8-Acetyl*® 0.545 Very faint gray 
Gitoxin 0.409 
Genin 0.489 
Digilanide A 0.119 Strong purplish gray 
Lanatoside C 0.018 


The 8-acety! digoxin was 
room temperature for several weeks 


raace ill 


Acid 
Aluminium chloride 
Stannic chloride 
Antimony = trichloride 
Bismuth trichloride 


Visible Light 


Gray 
Bluish-gray 
Very dark gray 


For a-acety! digitoxin 


then applied by drawing the paper through a solu 
tion of the reagent. It was then heated in front of 
the lamps for five minutes. When observed under 
U. V. light the glycosides could easily be detected, 
even when pigments were overlapping them. Since 
intensity of fluoroescence is related to concentration 
two compounds of very close Ry values could be 
by measuring the of intensity 
rhis is impossible to do with the Raymond reaction 
where such compounds appear only as one 


resolved centers 


SUMMARY 


1. Digitoxin and alpha-acetyl digitoxin were 


extracted with ether from a_ hydro-alcoholic 


primary extract, while digoxin was distrib 


uted in more polar solvents such as dichloro- 
A 


glycoside was found in the saponin fraction of 


methane and n-butanol gitoxigenin type 


the butanol extract 


It has been shown that 1° sodium hydrox 


ide 


solutions will remove all acidic impurities 
from a chloroform solution without degrading the 


glycosides 


rHE AMERICAN P 


Visible Light U.V 


Very strong purplish gray 


Some Lewis Acips As GLYCOSIDAIL 


Yellow to light brown 
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rHE COLOR OF SEVERAL CARDIAC GLYCOSIDES 

Appearance of Spot 

Light 

Blue fluorescence 

Light blue fluorescence 

Purple blue weak fluorescence 

Gray to dark purple weak fluor 
escence 

Bright steel-blue fluorescence 

Bright light blue fluorescence 

Brilliant purple fluorescence 

Purple weak, fluorescence 

Bright blue fluorescence 

Bright blue, strong fluorescence 

Red-brown, little fluorescence 

Grayish-brown little fluorescence 


ish purple 


apparently a product of isomerization in a standard solution of a-acety! digoxin after standing at 


REAGENTS" 


Color Period of 
U. V. Light Heating 
Darker brown Prolonged 
Violet Short 
Sky blue Short 
Very dark purple Very short 


3. A 


system 


new paper chromatographic solvent 


utilizing high boiling solvents and a 


combination of formamide and ethylene glycol 
was found to be stable towards temperature 
changes. 

$4. Weak anion exchange resins. when applied 
a will 


separate the glycosides without deacetylation 


to crude aqueous glycosidal extract 


5. Complete extraction of the glycosides 
from the plant was accomplished by a 10% 
methanolic extract requiring only °/, of the 


volume of an aqueous extract. 
6. It was found that nonglycosidal constit 
of the interfere 


with the Keller-Kiliani test for cardiac glycosides 


uents aqueous extracts may 


REFERENCES 


1) Grant, E., and Hilty, W., Tuts Journat, 42, 150019 

2) Schwartz, S. M and Gisvold, Ole, tbid., 46, 325 
1957 

(3) King, R and Gisvold, O., shid 39, 109(1950) 

(4) Tschesche, R., ef al., Ber., 85, 1103(1952) 

5) Jensen, K Acta Pharmacol oxicol., 9, 99 and 275 


1953) 








Ion Exchange Separation of Phenolic and 
Nonphenolic Sex Hormones in 
Pharmaceutical Preparations’ 


By EERO SJOSTROM and LALLI NYKANEN 


A new method is presented for the separation of phenolic sex hormones from the 
nonphenolic in ampuls and tablets. After isolation the hormones are separated on 
an anion exchange resin and t.-en colorimetrically determined. The ion exchange 


procedure is simple and accu. ate. 


Furthermore, an estimation of extremely low 


amounts of phenolic hormones in the presence of large quantities of nonphenolic is 


thus rendered possible. 


Finally, the separation method can be utilized for the hor- 


mone esters without preceding saponification. 


T ‘HE RESULTS obtained in the previous paper 


(1) showed that estradiol can be quantita 
tively separated from the nonphenolic sex hor 
mones by a simple ion exchange procedure. It 
was found that on passing a methanolic solution 
of the hormone mixture through an ion exchange 
column containing strongly basic resin, estradiol 
whereas the 
After thorough 
study of the various factors affecting the desorp 


is quantitatively taken up, non 


phenolic hormones pass through. 


tion of estradiol, it was found that a complete dis 
placement can easily be achieved even from nor 
mally cross-linked resins at elevated temperature 
with methanolic boric acid. Finally, it was 
stated that estradiol benzoate is saponified in the 
resin bed and consequently the free hormone is 
taken up completely (1, 2). 

In the present investigation the above results 
were applied to the determination of various sex 
hormones in ampuls and tablets. For this pur 
pose the hormones were first isolated by a con 
tinuous extraction technique and then separated 
Finally, 
the phenolic and nonphenolic hormones were 


by means of the ion exchange method. 


colorimetrically determined in separate fractions 
REAGENTS 


Methanol, analytical grade, Merck (Darmstadt); 
n-heptane, May & Baker, Ltd.; ethyl ether, C. P.; 
0.33 M boric acid in absolute methanol, C. P.; 
reagent according to the method of Folin and Cio- 
calteu (4); 20% sodium carbonate solution, C. P.; 
0.25% solution of 2,4-dinitrophenylhydrazine in 
2 N hydrochloric acid, C. P. This solution must 
be freshly prepared (5) 


METHODS AND EQUIPMENT 


I. Isolation of the Hormones from Ampuls.—The 
extraction procedure used was based on the distribu 
tion of the oil and the hormones between n-heptane 


* Received November 16, 1956, from the Analytical De 
partment of Ladketehdas Orion Oy, Pharmaceutical Manu 
facturers, Helsinki, Finland 


and methanol-water solution. A continuous extrac 
tion apparatus (Fig. 1) Twenty-five 
milliliters of 70°, methanol (by weight) was trans 
ferred to the extraction tube, and over the methanol 


was used 





Fig. 1.—Extraction apparatus for ampuls 


layer was placed 15 ml. n-heptane. One milliliter 
of oil was pipetted onto the heptane layer and subse- 
quently dissolved by carefully shaking. A 100-ml 
round bottom flask containing 50 ml. abs. methanol 
was connected to the apparatus and boiled for 1! 
hours in an electrical heating bath. The methanol 
layer was cooled in an ice-water mixture in order to 
prevent a dissolution of methanol and heptane 
After the extraction the methanol phase in the flask 
was cooled and diluted with abs. methanol to about 
100 ml, i. e., until the solution became clear. 

II. Isolation of the Hormones from Tablets.—Fif 
teen tablets were powdered and accurately weighed 
A few milliliters of water were added to the powder, 
and the suspension was transferred to the extraction 
tube (Fig. 2) by rinsing the residue afterwards with 
a small amount of water. A 100-ml. round bottom 
flask containing 50 ml. ethyl ether was connected to 
the apparatus and boiled for 5 hours in an electrical 
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led 
TT 


Extraction apparatus for tablets 


heating bath 


Finally, the ether phase in the flask 
was cooled and filtered, the ether evaporated, and 
the residue dissolved in about 40 ml. of absolute 
methanol 

Ill. Ion Exchange Separation Method. —The ex 
periments were performed with the commercial resin 
Dowex® 1 rhe resin was ground in the air-dried 
of 0.15-0.30 mm., 


ind converted into the hydroxyl ion form 


State to a parti le size screened, 
purified, 


in the same manner as in the foregoing investigation 


l The ion exchange columns were of standard 
type (3), measuring 6 X 110 mm. The experi 
ments were carried out at elevated temperature 


by placing the columns in a water thermostat ad 


justed to 35 + 0.1 


rhe water was displaced from 
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the resin with methanoi and the gas bubbles in the 
Finally, the 
washed with about 20 ml. of methanol 
rate during all experiments was about | ml 

rhe separation of the hormones was carried out 
by passing through the column the final solution ob 
tained after the isolation of hormones according 


resin bed removed (1 resin was 


The flow 
min 


to procedures I or II The nonphenolic hormones 
were collected in a 200-ml. and a 100-ml. volumetric 
flask, respectively, and the columns afterwards 


with about 30 ml. of methanol. Subse 
quently, the flasks were made up to the mark with 
methanol rhe phenolic hormones were displaced 
into a 50-ml. volumetric flask with 50 ml. of 0.33 M 
boric acid in methanol 

I\. Determination of the Phenolic Hormones. 
The reaction for phenols described by Folin and Cio 


washed 


calteu, as modified in the foregoing paper (1), was 
used for the determination of phenolic hormones in 
the eluate, after the procedure described under III 
When starting with ampuls, 5 ml. of the eluate was 
transferred to a 25-ml. volumetric flask, and 1 ml 
of Folin-Ciocalteu reagent was added rhe mixture 
was thoroughly shaken, and after addition of 3 ml 
of 20% sodium carbonate, was shaken again. The 
flask was then heated in a boiling water bath for 
exactly 5 minutes, after which the solution was di 
luted with water nearly to the mark and thoroughly 
mixed. After standing for about 30 minutes the 
flask was made up to the mark with water, and the 
solution filtered through a fine filter paper (Schleicher 
& Schill, Blauband). The absorbance of the blue 
color was immediately measured at 760 my, using a 
Unicam S$. P. 500 Spectrophotometer 
absorption cells. However, when starting with the 
ampuls containing only 0.5 mg. of estradiol ben 
zoate per ml 9 4-cm. cells were used The blank of 
5 ml. of methanolic standards 

samples 


were 


with l-cm 


boric acid and the 


prepared simultaneously with the 


A standard curve is given in Fig. 3 
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Fig. 3.—-Concentration of estradiol vs. absorbance 
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TABLE | DETERMINATION OF THE HORMONES IN AMPULS 


Pheoretical 
Content 
mg./ml 


Found 


Hormones Present mg./m 


Estradiol benzoate 2 50 2.57 
Progesterone 20.0 20.3 
Estradiol benzoate 2 wD 50 
20.0 GQ 8 
2.50 2.49 


Progesterone 20.0 5 
Estradiol valerate +.00 3.78 
restosterone enanthate 65.0 } 
Estradiol benzoate 0.500 
Testosterone propionate 10.00 
Estradiol benzoate 0.500 
restosterone propionate 10.00 


Progesterone 
Estradiol benzoate 


ras.e Il DETERMINATION OF THE HORMONES IN TABLETS 


Theoretical 
Content 

mg./tabl 

0.00500 0 
5.00 4 
0.00500 ( 
5.00 

0.00500 


Found 
mg./tabl 
00525 
4 
00461 
96 
00576 
90 
00544 
87 


Hormones Present 
Ethynylestradiol 
Methylandrostanolone 
Ethynylestradiol 
Methylandrostanolone 
Ethynylestradiol 
Methylandrostanolone 5.00 
Ethynylestradiol 0.00500 
Methyltestosterone 3.00 


even these values may be considered satisfactory 


in view of the extremely low estrogen content com- 


When starting with tablets, 15 ml. of the eluate was 
transferred to a 25-ml. volumetric flask, the meth 
It must be 


anol was evaporated, and the residue dissolved in 
of methanol and treated in the same manner 


5 ml 


as above. In this the measurements were 
carried out using 4-cm. absorption cells 
V. Determination of the Nonphenolic Hormones. 

A suitable sample of the final solution obtained after 
the separation of the hormones according to pro 
cedure III was withdrawn and diluted with metha 
nol to obtain a hormone content of about 0.01 to 0.1 
mg. /ml 
mined according to the colorimetric method with 


2,4-dinitrophenylhydrazine (5) 


case 


The nonphenolic hormones were deter 


pared with the other hormone present 
pointed out that the errors are not due to the ion 
exchange separation. Too high values are obtained, 
owing to the sugar substances in the tablets, which 
interfere with the colorimetric estimation. These 
substances cannot be fully eliminated by the ex- 
traction and are therefore in part dissolved in the 
ether phase 

The Kober reaction (6) can also be utilized for 
determination of phenolic hormones in the ion ex 
change eluate (1). This reaction is more sensitive 
than that of Folin and Ciocalteu, but gives less 


satisfactory results 
RESULTS 

rhe results obtained with the ampuls are sum- REFERENCES 
marized in Table I. In all ampuls the hormones 
dissolved in peanut oil (oleum arachidis) 
Samples 1, 2, and 3 contained phenylearbinol as 
preservative. As can be seen, the agreement be 
tween the observed and theoretical values is very 


|) Sjéstrém, E., and Nykanen, L., Suomen Kemistilehti, 
29B 23(1956) 

2) Sjéstrém, E 
1956 

3) Samuelson 
istry,’’ Stockholm, Almaqvist & Wiksell 
: John Wiley & Sons, 1953, p. 80 
satisfactory rable II shows the results obtained 4) Allport, N “Colorimetric 

. . » > via ti ; > Chapman & Hall Ltd., 1947, p. 414 

with the tablets. In this case the deviations in the 5 Diding, E., Svensk F ig , 56, 3(1952) 


ethynylestradiol However, 6) Bauld, W. S., Biochem. J., (London), 56, 426(1954) 


were 
and Nykadnen, L., J. Org. Chem., 21, 1321 
O., “Ion Exchangers in Analytical Chem 
1952, and New York 


Analysis," London, 


content are greater 





A Preliminary Phytochemical Investigation of 
Digitalis lutea Second Year Growth* 


By SAMUEL M. SCHWARTZ} and OLE GISVOLD! 


The cardiac glycosides present in the fresh second-year leaves of Digitalis lutea have 


been identified as a-acetyl digitoxin and acetyl digoxin. 
Digitalis lutea extracts with freshly precipitated lead oxide has been examined. 


The effect of treating aqueous 
New 


solvent systems and techniques for the paper chromatographic separations of some 


cardiac glycosides have been reported. 


A new separation technique usin 
dered cellulose column has been demonstrated. 


a pow- 


The saponins upon mild sulfuric 


acid hydrolysis yielded gitogenin and tigogenin and D-xylose, D-galactose, and 
D-glucose. 


Pp VIOUS INVESTIGATIONS in our laboratories 
have resulted in the isolation of the acetyl 


digoxins from the fresh first-year leaves of 


Digitalis lanata (1) and a-acetyl digitoxin from 
the fresh first-year leaves of Digitalis ferruginea 
2). The stimulus for the present study was the 
continued search for new sources of these orally 
digitalising Previous to the 


effective agents. 


isolation of these acetyl glycosides per se in 
nature they had been prepared by the enzymatic 
degradation of lanatoside A and lanatoside C 
which are obtained from the second-year leaves 
of Digitalis lanata. White (3) recently compared 
the effects of a number of digitalis species on cats. 
His studies showed that Digitalis lutea compared 
very favorably with the therapeutically prominent 
Digitalis purpurea. 
desirable properties of being orally potent and 


well 


Digitalis lutea exhibited the 


absorbed from the intestinal tract. Two 
types of leaves were collected and investigated 
from the thick 


spike of the plant were designated as “Spike 


separately. Those emanating 


Leaves."’ The longer leaves sprouting from the 
thick 


“Basal Leaves.’ 


base of the spike designated as 


were 


EXPERIMENTAL 


Paper Chromatographic Studies.—-The applica 
tion of a published procedure by Rohatgi (4) pro 
vided the initial clue as to the identity of the glyco 
present in Digitalis lutea However, this 
system suffered from the disadvantages of being 
time consuming and not being able to separate 
definitely acetyl digoxin and digitoxin. The new 
finally outlined in Table | 
Solvent System I refers to the system of Rohatgi (4 


sides 


systems devised are 


* Received September 20, 1956, from the College of Phar 
macy, University of Minnesota, Minneapolis 14 

Abstracted from a thesis submitted to the Graduate School 
of the University of Minnesota by Samuel M. Schwartz in 
partial fulfillment of the requirement for the degree of Doctor 
of Philosophy 

t Present address: School of Pharmacy 
ton University, Washington, D.C 

t Professor of Pharmaceutical 
Pharmacy, University of Minnesota 


George Washing 


Chemistry College of 


Ascending Chromatography.—In order to save 
time, a suitable screening procedure for new solvent 
systems was developed. This consisted of running 
short 15 to 30 minute chromatograms by the as- 
cending technique in an improvised apparatus. A 
glass percolator, 12.75 inches long, with diameters 
of 2.5 inches at the large end and 0.75 inches at 
the narrow end, equipped with a cork through which 
was placed a 12-inch glass rod, having a hook at 
one end, served as the chamber. Strips of What- 
man No. 1 paper, 8.5 x 1.5 in. with a hole punched 
at one end, were used. The paper, after being im- 
pregnated with stationary and 
starting line 1 in. from one end), was hung from the 
hook in the glass rod inside the percolator. The 
developing solvent was put into a 150-cc. beaker to a 
height of approximately 1.0 cm. The beaker was 
inserted into the large end of the percolator, arid the 
whole apparatus placed on a glass plate. A starch- 
glycerin paste was used as a seal and the paper was 
immersed into the beaker by means of the adjustable 
glass rod at the narrow end. At the end of the 
development period (approximately 30 minutes), 
the paper was dried, and sprayed with the Raymond 
reagents 

Horizontal Chromatography.—This technique was 
used extensively in this work and offered many 
favorable advantages. The running time was inter 
mediate between the ascending and descending sys- 
tems, the apparatus was amenable to easy manipu- 
lation, and most important, excellent results were 
obtained using this technique. The apparatus con 
sisted of a pyrex dish 22.2 cm. x 12.4 cm 
into which was inserted a rack constructed 
tubing, having dimensions of 18.3 cm 
44cm. The edges of the pyrex dish were ground to 
give a good seal with a glass plate. The glass rack 
was equipped at each end with two pieces of glass 
rod which were placed close enough to permit only a 
slit large enough for the paper to pass through and 
to be fixed firmly in place. Sheetsof Whatman No. 1 
and No. 4 papers, 27 cm. x 5 cm The 
paper with the starting line drawn 7.5 cm. from one 
end, was spotted (two spots), impregnated, placed 
on the rack, 25 cc. of mobile phase introduced, and 
the glass plate sealed in place with starch-glycerin 
paste, unless otherwise specified. No equilibration 
time was required. Chromatograms were run at 
room temperature (25°) unless otherwise specified 

Descending Chromatography.—A cylindrical glass 
chamber 13 in. high with a diameter of 7.5 in. was 


phase spotted 


x 5.9 cm., 
of glass 
x S cm. x 


were used 
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1957 
used throughout this work. The chamber 
equipped with a suitable glass rack and a trough at 
the top for holding the mobile phase and edge of the 
paper (Whatman No. 1—32 cm. x 9 cm The 
outside edge of the chamber was ground flat to ac 


was 


comodate a glass plate and insure a good seal 
Reagents. Chemically pure benzene, 

obtained in bulk, was distilled over Drierite® 
Toluene.—Chemically pure toluene, obtained in 

bulk, was distilled rhe portion distilling at 110 


was collected 


Benzene 


Chloroform Pure chloroform, Baker, containing 
1% ethanol, was freshly distilled over Drierite.* 

Methyl Isobutyl Ketone Methyl isobutyl ketone, 
obtained from Great Lakes Solvents Inc., Chicago, 
was redistilled, the fraction distilling at 117 
collected 

n-Butanol.—n-Butanol, Baker's reagent 
was redistilled, and the fraction distilling at 116-7 


was 
grade, 


was collected 

Water.— Distilled water was used. 

Formamide Formamide distilled under 
vacuum rhe first fractions were rejected and the 
portion distilling at 104-108° at 12 mm. of mercury, 
was collected 

Propylene Glycol.—N. F. grade was distilled; the 
first fraction rejected, and the main fraction distil 
ling at 184-185" was collected 

Ethylene Glycol.—Ethylene glycol was redistilled 
ind the fraction distilling at 198-200 

Acetone.—Chemically pure 


was 


was collected 
acetone was used as 
such 

Raymond Reagents.—(a) m-Dinitrobenzene rea 
gent—a solution of m-dinitrobenzene 
(Eastman) in Alkaline reagent—6 
Gm. of sodium hydroxide pellets are dissolved in 


9 


25 ec. of distilled water and 45 cc. of methanol added 


10% w/v 
benzene. (b) 


TABLE | RESULTS OF SOMI 
Solvent Systems in Parts 

Benzene 

Toluene 

Methyl isobutyl ketone 
Chloroform 

Butanol 

Formamide 

Ethylene glycol 

Propylene glycol 

Water 

Development 

lime in hours 

Paper (Whatman 

Glycoside 

a-Acetyl digitoxin 0.94 
Digitoxin 0.81 0 
a-Acetyl digoxin 0.54 0 
Digoxin 
Lanatoside A 
Digitoxigenin 
Digoxigenin 


Descending Ascending Horizontal 


Comments.—The Ry values quoted in the sum 
marized table or in preceding tables are in no way to 
be construed as standards for any system 
They are presented merely to show the separation 
individual Since Ry 


one 


system 


potential of each 


PAPER CHROM 
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values may vary depending on the person conducting 
the experiment, the correct procedure for qualitative 
identification involves comparing unknown mate 
rial with known authentic samples. For Solvent 
System II: The 6-hour descending technique will 
give the pronounced The as- 
cending technique should only be used for the separa- 
tion of acetyl digoxin and a-acetyl digitoxin. If 
digitoxin also is present, descending or horizontal 
chromatography will produce better results 

Preparation of Samples and Standards.—aAll 
samples were prepared using 1 cc. of methanol to 
dissolve 1 mg. of material. Approximately 0.02 cc 
representing 20 yg. of sample was applied to the 
paper. At first, a micropipet was used to spot the 
sample on the paper, but this did not lend itself to 
small spots and rapid, efficient manipulation. A 
melting point tube drawn out to a fine capillary at 
one end served the purpose well for qualitative 
studies. This method of preparing and spotting 
samples was used throughout this work. Authentic 
reference samples supplied by Dr. A. Stoll were used 
for all qualitative chromatographic work 

Application of the Stationary Phase.—This is one 
of the most important aspects of the chromato- 
graphic procedure and therefore, it is felt a detailed 
description should be given 

For Solvent System II: The stationary phase was 
adjusted to contain about 33° 
in a suitable shallow tray 
No. 1 drawn very carefully through this 
stationary phase and air dried for about three 
minutes. It was then pressed twice between dry 
filter paper 

For Solvent Systems III, 1V and V: The procedure 
of Jensen (5) was followed. The stationary phase 
(formamide ) from the separatory 


most separations. 


® acetone and placed 
rhe paper (Whatman 
was 


was withdrawn 


ATOGRAPHIC STUDIES OF SOME GLYCOSIDES 


T\ 


Values 
0.68 


0.85 


37 0.57 
20 0.30 
0.08 0.10 


funnel, immediately before 
paper, and adjusted to contain 70% acetone 
of Whatman No. 1 paper were quickly 
through the solution, air dried 3 to 5 minutes, 


quickly spotted with the sampes, and immediately 


impregnation of the 
Sheets 
drawn 
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put into the chromatographic chamber for develop- 
ment 

Sealing the Chromatographic Chamber. 
chambers in all cases were sealed with starch-glyvc 
erin rhe horizontal procedure used 
for Solvent Systems IV and V and with 
these systems no seal was required due to the com 


paste was 


exclusively 


paratively high boiling solvents employed 
Effects of Lead Oxide on Aqueous Digitalis Lutea 


Extracts..-Five hundred grams of fresh frozen 
spike leaves of Digitalis lutea second year growth 
was extracted in 100-Gm. lots following the pro 
cedure de veloped by Bay and Gisvold (5 Fifty 


grams of freshly prepared lead oxide added to 
the five liters of aqueous extract and the mixture put 
into a shaking apparatus for twenty minutes 
rhis was followed by filtration through a Buchner 
funnel using an analytical grade filter paper The 
lead oxide and with 
distilled water his resulted in 
two portions, A 


was 


material 
and then filtered 
and B 


ibsorbed was mixed 


| Filtrate rhe filtrate consisting of 250 cc. of 
i clear, almost colorless water solution, was placed 
in a separatory funnel and shaken with 50 cc. of 


methylene chloride rhis was repeated with two 


more 50-cc. portions of methylene chloride. The 
methylene chloride extracts were combined and 
evaporated to a very pale vellow residue This 
residue gave a positive Keller-Killiani test. Ray 


ilso was obtained 
Lead Oxide and Absorbed Material 
ind material thor 
with two grams of filtercell and ex 
hours in a Soxhlet with 
rhe methylene 
Keller-Killiani 
iction The colors in both 
with those obtained 
Extraction in Soxhlet 
was continued for ours with 
methanol The filtered 
through oneentrated to a 


mond reaction on paper 
B Insol 
rhe lead 
oughly mixed 
tracted for 24 
methylene 
tract 
positive 
these 


from 


nubile 
oxide ibsorbed was 
apparatus 
chloride ex 


test and a 


chloride 
gave a positive 

Raymond re 
tests 
portion A 
ipparatu 


identical 


ibove 


were 
the 
another 24 h 
methanol 
filter paper, <« 


ind tested The 


extract was 
inalytical 
volume of 5 c« Raymond reaction 
was methanol 

tested 


test 


negative The then 


Keller 


ind discarded 


extract 
with the 


was 
concentrated to 
Killiani reagents 


dryness, 


negative 


The lead oxide filtercell mixture was removed 
from the Soxhlet and mixed with 75 cc. of 36% 
wcetic acid and the mixture stirred for a few min 
utes This was followed by filtration through a 


Buchner funnel and repeated washing of the residue 


with methanol rhe filtrate was evaporated to a 
solid and extracted with chloroform his chloro 
form extract gave both a negative Keller-Killiani 
ind a fegative Raymond reaction The solid 


ifter treatment with sulfuric acid and extraction with 
chloroform showed no 


le id 


trace material 


material 


of glycosidic 


rhe original oxide and absorbed 


which had been treated 


with 36% acetic acid, was 
next treated with glacial icetic acid to release any 
strongly absorbed material Both the filtrate and 
residuc mostly filtercell) when extracted with 
chloroform gave negative tests for cardiac glyco 


sides 


Qualitative Paper Chromatographic Analysis of 
Glycosides Absorbed by Lead Oxide. Of the frac 
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tions of glycosides that were obtained, one resulted 
from the methylene chloride extract of the original 
lead oxide and absorbed material and the other from 
the methylene chloride extract of the distilled water 
filtrate. Solutions of each were prepared and were 
inalyzed using Solvent System I 
chromatograms, using the technique 
ind run along with known standards, seemed to 


A series of four 
descending 


indicate the presence of digitoxin in both portions 
of active material. Solvent 
cannot distinctly separate alpha-acetyl 
from digitoxin. Therefore, another series of chro 
matograms were run using solvent system II to 
definitely establish or eliminate the presence of the 
digoxin. These chromatograms (three 
definitely established that only one component was 
present in both active portions, namely digitoxin 


System I, however, 


digoxin 


a-acetyl 


The active materials were then combined, washed 
with petroleum ether till the washings were color 
rhe residue chloroform, 
filtered, evaporated to dryness, and this residue in 
turn was washed with benzene 
and benzene washings gave 
reaction.) This 
redissolved in 50 cc 


less was dissolved in 
(Petroleum ether 
a negative Raymond 
tan-colored residue 
of chloroform and quickly 
washed with two 5-cc. portions of 2% sodium hydrox- 
ide. Removal of the chloroform gave 66.5 mg. of 
in almost white powder. Further proof that the 
active material was digitoxin was obtained by hy 
drolyzing the compound to the genin by placing one 
milligram of material in a test tube, adding 1 cc. of 
0.05 N sulfuric acid in methanol and refluxing on a 
steam pot for thirty minutes 


washed was 


The genin obtained 
was analyzed via horizontal chromatography using 
solvent system V and compared with a known sample 
of digitoxigenin The known and unknown genins 
had the same R¢ values 


the results thus far 
conclusions was plausable, 
idsorbs digitoxin or that 
itoxins and deacetylates them giving rise to digitoxin 
Subsequent studies showed that the latter conclusion 
is true. Extracts of Digitalis lutea which were not 
treated with lead oxide showed no evidence of any 
digitoxin being present 
clude that lead 
agent for this work 


From of two 


a. lead oxide selectively 


obtaine d, one 


it adsorbs the acetyl dig 


Therefore, we may con 


oxide is a detrimental clarifying 


Spike Leaves.—The fast frozen fresh leaves from 
2882 grams of Digitalis lutea leaves was disintegrated 
for five minutes in 300-gram lots in the presence of 
750 cc. of water in a large (1 gallon capacity) Waring 
Blendor at the highest speed. The remainder of the 
extraction procedure was essentially that as pre 
viously described (2 rhe extract (6 
thus prepared was extracted five times with 
300-cc. portions of a mixture of ether and methylene 
chloride (in a ratio of 3 to 1 rhe emulsified por- 
tions that were obtained were largely broken by the 


aqueous 
liters) 


use of a centrifuge. The last traces of stubborn 
emulsion were cracked by the addition of a few 
ec. of methanol 

Removal of the solvents and treatment of the 


green residue according to the technique of Appel 
ind Gisvold (2) yielded a light green ether-insoluble 
solid and a dark green ether-soluble fraction which 
gave a positive Raymond test. The ether-insoluble 








May 1957 
material was further purified by carefullly washing 
with several very small amounts of cold methyl 
ethyl ketone and distilled water (a constant 
boiling mixture). The portion which was in- 
soluble in methyl ethyl ketone-water was a white 
solid and gave a positive Raymond test and Keller 
Killiani test This solid was crystallized 
night from 50% methanol and yielded 23.5 mg. of 
crystalline material which when subjected to qual 
itative paper chromatographic analysis using systems 
III and IV and the horizontal technique definitely 
revealed the presence of a-acety! digitoxin and a 
acetyl digoxin 


over 


Sodium Hydroxide Purification._-The above de 
scribed purification techniques led to considerable 
losses of glycosides and other methods of purifica- 
tion were sought. In a preliminary test 20 mg. of 
petroleum ether-washed material was dissolved in 
of methylene chloride and extracted with 2 
sodium hydroxide solution. This was 
followed by two additional washings with 2 cc. of 2% 
sodium hydroxide. The alkaline washings were 
highly colored. The methylene chloride solution 
was washed with one 2-cc. portion of 2% acetic acid 
followed by 2 cc. of distilled water. Paper chroma- 
tographic analysis of the glycosides that were re- 
tained in the methylene chloride by the horizontal 
technique using solvent system IV showed the pres- 
ence of a-acetyl digitoxin and a-acetyl digoxin 
Apparently no deacetylation had occurred 

When the purification technique was 
applied to 2.64 grams of impure glycosides 2.56 
grams was recovered. This corresponds to a yield 
of 0.33°% on a dry weight basis of the leaves 


20 ce 


ce. of 2% 


above 


Chromatographic Analysis.A_ representative 
sample of the mixture of glycosides obtained from 
the spike leaves of Digitalis lutea was further ana- 
lyzed paper-chromatographically using two known 
solvent systems not previously used in these studies 
rhe first of these was the system of Jensen (6) which 
is composed of formamide as the stationary phase 
and a mixture of benzene and chloroform (in the 
ratio of 6 to 4) as the mobile phase. The second was 
the system of Gisvold (unpublished work) which 
utilized a mixture of formamide 10 cc. and ethylene 
glycol 10 ce. as the stationary phase in conjunction 
with methyl isobutyl ketone 20 cc., and isopropyl 
ether 5 cc. as the mobile phase, adjusted to contain 
70° acetone prior to impregnation of the paper 
Both systems further corroborated previous anal- 
yses indicating the presence of a-acetyl digitoxin 
and a-acetyl digoxin 


Column Chromatography. 
(6) was used 


The system of Jensen 
Ten grams of Whatman No. 1 pow- 
dered cellulose was placed in a small evaporating 
dish and covered with 5 cc. of the stationary phase 
adjusted to contain 70% acetone. The supernatant 
liquid was decanted and the impregnated cellulose 
was spread in a thin layer on large sheets of What- 
man No. 1 paper and allowed to air dry for five 
minutes. The powdered cellulose was then trans- 
ferred to a small evaporating dish and covered with 
the mobile phase. The mixture was stirred and the 
slurry poured into a glass column 25 cm. long with 
an inside diameter of 2 cm., stoppered at the lower 
end with a piece of glass wool covered with a Gooch 
plate. The piece of glass wool previously had been 
saturated with the mobile phase to minimize the 
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formation of air bubbles. The column was allowed 
to settle for 30 minutes, packed tightly by means 
of suction and then attached to a fraction collector, 
equipped with 75 appropriately sized test tubes 
numbered 1 to 75. The sample weighing 26.8 mg 
represented by a mixture of a-acetyl digitoxi1 and 
a-acetyl digoxin that was obtained from the spike 
leaf extract which had been previously purified by 
solvent and alkali washings was dissolved in 2 cc 
of chloroform. This solution was dispersed on one 
gram of powdered cellulose and then added to the 
top of the column in the usual way 


The mobile phase was maintained at a height of 
approximately 10 cm. above the top of the cellulose 
column during the collection of the fractions (7.5 cc 
each, every 30 seconds 

Of the 75 fractions that were collected a positive 
Raymond reaction (on paper) was obtained from 
fractions 4 thru 27. Paper chromatographic exam- 
ination of these fractions using solvent systems III 
and IV showed that fractions 4 to 8 contained a- 
acetyl digitoxin; 8 to 11 contained digitoxin and 
11 to 28 contained a-acety! digoxin 

Fractions 4 to 8 were combined, dissolved in 15 
ec. of chloroform, washed with two 2-cc. portions of 
distilled water in order to remove traces of form- 
amide present and brought to dryness. The glyco- 
side was then crystallized and recrystallized from a 
mixture of chloroform and anhydrous ether. Wt 
8.6 mg. The rotation in a 0.5-dm. micropolarimeter 
tube of 0.0064 Gm. sample dissolved in 1 cc. of 
methanol was +0.08; [a]*f = +25; reported for 
a-acetyl digitoxin at 17° is +24.5 

Hydrolysis of the Spike Leaf Glycosides. One 
milligram of glycoside was dissolved in 1 cc. of 
0.05 N sulfuric acid in 95% methanol and then re- 
fluxed in a small test tube on a steam pot for one 
hour. The hydrolyzed material was examined di- 
rectly by paper chromatography using solvent 
system V and the horizontal and ascending tech- 
niques. Identical Ry values were obtained when 
hydrolyzed a-acetyl digitoxin from the spike leaves 
of Digitalis lutea, digitoxin, and authentic a-acety! 
digitoxin were compared. Identical Ry values also 
were obtained when hydrolyzed a-acetyl digoxin 
contained in fractions 11 to 28 was compared to 
hydrolyzed authentic a-acetyl digoxin 

Basal Leaves.—The extraction of 2210 Gm. of 
fresh frozen basal leaves was carried out in the same 
way as the extraction of the spike leaves previously 
described. The extraction solvents were concen- 
trated to a volume of 10 cc., 20 Gm. of filtercell 
added, and the mixture air dried, and then extracted 
in a Soxhlet apparatus for 48 hours with petroleum 
ether. Extraction was then carried out with ether 
for 96 hours. The ether was concentrated to a vol- 
ume of 10 cc. and then diluted with 150 cc. of chloro- 
form. This solution was washed with alkali as pre- 
viously described. It should be pointed out that 
speed is essential in all phases of the sodium hy- 
droxide purification procedure to avoid any 
sible deacetylation 
yielded 1.16 Gm 


pos- 


Evaporation of the chloroform 


The residue in the Soxhlet was next extracted for 
24 hours with methylene chloride followed by ace- 
tone. The extract when evaporated to 
dryness left a residue which was devoid of cardiac 
glycosides. The methylene chloride extract gave a 


acetone 
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positive Raymond test. Attempts to crystallize 
the amorphous residue from chloroform and ether 
failed. It was then dissolved in 50 cc. of chloroform 
and with alkali as previously described 
After removal of the chloroform the residue 
washed with petroleum ether and air dried. Wt 
0.185 Gm. which represents a 0.19°% yield of the dry 


washed 
was 


leaves 

Chromatographic Analysis of the Basal Leaf 
Glycosides.— Paper chromatographic analyses of the 
glycosides found in the basal leaves using the solvent 
systems of Jensen (6) and Gisvold and III and IV by 
the descending and horizontal techniques showed the 
presence of a-acety! digitoxin and a-acetyl digoxin 

Hydrolysis of the Basal Leaf Glycosides.—A 
similar procedure was followed in the hydrolysis and 
identification of the products of hydrolysis of the 
basal leaf glycosides as was followed with the spike 
leaf glycosides. The same results were obtained 

Spike Leaf Saponins. 
spike leaves which previously had been extracted 
with a mixture of ether and methylene chloride was 
next extracted three times with n-butanol (10 cc. of 
n-butanol for each 100 cc. of extract.). After the 
yellow n-butanol extract had been concentrated to a 
volume of approximately 200 cc., a light tan-colored 
solid precipitated out of solution. The mixture 
was kept at room temperature for several days to 
illow further precipitation. Filtration in a Biich- 
ner funnel followed by washing with petroleum 
ether, ether, and benzene until the washings were 
colorless, yielded a light tan amorphous solid 
Saponin A) wt. 2.3 Gm 


The aqueous extract of the 


Phe 200 ce. of n-butanol mother liquor when con- 
centrated yielded a brown tar which when washed 
with petroleum ether yielded an im- 
pure brittle solid. (Saponin B) wt. 3.4 Gm 

Basal Leaf Saponins.—Saponin preparations C 
wt. 2.5 Gm. and D wt. 2.8 Gm. were prepared from 
the aqueous extract of the basal leaves in the same 
way as described above from the spike leaves 

Paper Chromatography of the Sapogenins.—The 
system chosen for this identification was that of 
Heftmann and Hayden(7). Thesolvents were puri- 
fied by redistillation and the color reagents of Sannie 
8, 9) were used 


thoroughly 


Lapin 

Hydrolysis of the Saponin Fractions.— Approxi- 
mately 50 mg. of each of the saponins A, B, C, D, 
und digitonin was placed into 30 cc. pyrex test tubes 
Two cubic centimeters of distilled water, 2 cc. of 
ilcohol, and 1 cc. of hydrochloric acid were added to 
tube These mixtures were refluxed for 
At the end of 


each test 
ipproximately one and a half hours 
this time a precipitate appeared in each tube. After 
cooling each tube was then treated as follows: The 
contents were poured into a small separatory fun- 
nel. Ten cubic centimeters of chloroform was used 
to wash the test tube and then added to the separa- 
tory funnel. The first chloroform extraction was 
followed by two more 10-cc. extractions. The com- 
bined chloroform extractions were evaporated to 
dryness and the residue used for paper chroma- 
tographic analysis 
Reference Sapogenins. 
genin obtained in the 
pogenin, tigogenin, and gitogenin generously sup 
plied by Dr. G. Rosenkranz of the Syntex Labora 
Mexico City, were All compounds 


In addition to the digito 


above hydrolysis, sarsasa 


used 


tories, 
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(sapogenins) were used in a concentration of 1 mg 
per ce. of chloroform 

Chromatograpbic Apparatus.— The apparatus and 
technique was essentially that described by Heftman 
and Hayden (7). Whatman No. | paper was used. 
The results of the paper chromatographic studies 
are found in Table II 


raswe Il 


Sapogenin Rs Values* Rs Values? 


Sapogenin A 0.071 0.777 0.648 1.0 
Sapogenin B 0.072 0.764 0.666 1.0 
Sapogenin C 0.068 0.763 0.655 1.0 
Sapogenin D 0.070 0.767 0.652 1.0 
Tigogenin 0.785 1.0 
Gitogenin 0.069 0.652 
Digitogenin 0.557 
Sarsasapogenin 0.869 1.0 


* Solvent system petroleum ether 400 cc., ethanol 10 cc., 
and water 90 cc 
6 Solvent system petroleum ether 100 cc 


ethanol 30 cc., and water 70 cc 


toluene 200 cc 


Identification of the Sugar Residues of the Sap- 
onins.—The methods of hydrolysis of the saponins 
and the detection of the sugar residues by paper 
chromatography were carried out essentially accord- 
ing to those described by Appel and Gisvold (2) and 
others (10, 11). When solvent system S; composed 
of n-butanol 4 parts, water 5 parts, and glacial acetic 
acid 1 part was used the following results (Table 
III) were obtained 


TABLE IIT 
Sugar Ry Values 
p-Galactose 0.168 
p-Glucose 0.174 
p-X ylose 0.253 
Mixture of p-galactose and 0.170 
b-glucose 
Unknown sample (Sugars from 0.175 0.255 


Saponins A, B, C, and D) 


When solvent system S, composed of ethyl acetate 
2 parts, water 2 parts, and pyridine 1 part was used 
the following results (Table IV) were obtained 


TABLE IV 


Rs Values 

p-Galactose 0.233 

p-Glucose 0.280 

p-X ylose 0.362 

Unknown sample (Sugars from 0.229 0.280 0.369 
Saponins A, B, C, and D 


Sugar 


The presence of galactose was confirmed by oxi- 
dation of the sugar mixture with nitric acid (sp 
gr. 1.15) to give mucic acid whose melting point 
showed no depression when it was mixed with an 
authentic sample of mucic acid 
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SUMMARY 


l. New 
have been developed for the rapid qualitative 


systems of paper chromatography 


identification of some of the cardiac glycosides 
lutea. A 
horizontal system of chromatography was utilized 


found in Digitalis rather unique 
quite extensively and proved highly successful 
and practical due to the short running time. A 
new system for the separation and identification 
of the principal genins that may be confronted in 
this work has also been developed. 

2. Lead oxide was shown to be a detrimental 
clarifying agent for use with aqueous extracts of 
Digitalis lutea because it absorbs and deacetylates 
the acetyl glycosides 

3. On a dry weight basis the spike leaves 
yielded about 0.33% glycosides 

4. Crystalline cardiac glycosides have been 
isolated from the spike leaves and were identi- 
fied as a-acetyl digitoxin and a-acetyl digoxin. 
basal leaves 


5. On a dry weight basis the 


vielded about 0.19% glycosides which were 


identified as a-acetyl digitoxin and a-acetyl 


digoxin 
6. Several new techniques have been devel- 
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oped. It has been demonstrated that an alkali 


purification using 2% sodium hydroxide removes 
colored impurities and causes no decomposition 
of some of the cardiac glycosides present in 
lutea. It 


strated that a separation of some of the glycosides 


Digitalis has been further demon 


present in this plant was possible using a pow- 
dered cellulose column 
7. The 


weight 


basal and spike leaves on a dry 
basis yielded about 0.75% saponins, 


which upon hydrolysis yielded tigogenin and 


gitogenin and the sugars p-galactose, p-glucose 
and p-xylose 
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Documentation in Action. Edited by Jesse H 
SHERA, ALLEN KENT, James W. PERRY 
Reinhold Publishing Corporation, New York, 


1956. xi+ 471 pp. 16x 24cm. Price $10 


This book is a record of the proceedings of the 
1956 Western Reserve Conference on the Practical 
Utilization of Recorded Knowledge. This review of 
and art of effectively organizing and 
utilizing recorded information divides the contrib 
uted papers under the headings: Present require 
ments, methods and problems, Programs for the 
future, of applications), Cooperative 
progress, Definition of research areas. Pharmaceu 
tical information processing is briefly discussed by 
Winifred Sewell and Irene M. Strieby Reference is 
made to proposals that have been discussed during 
the past decade to revive pharmaceutical abstracting 
that had been covered by Pharmaceutical Abstracts 
of the AMERICAN PHARMACEUTICAL ASSOCIATION 
between 1935 and 1947. Subject and author indexes 


and 


the science 


Discussion 


are appended 


2nd 
Edited 
Pub- 
3 pp 


Technique of Organic Chemistry. Vol. III 
ed., Part I: Separation and Purification. 
by ARNOLD WEISSBERGER. Interscience 
lishers, Inc., New York, 1956. ix + 8 
16x 23.5cem. Price $17.50 


Volume III of this nine-volume treatise has been 
revised and greatly expanded The 1950 edition 
text covered 661 pages; the 1956 edition will appear 
in two parts and part I requires 866 pages in addition 
to the seven-page cumulative index to volumes I-IX 
rhe text material in vol. III, part I, is divided under 
the headings: Diffusion methods—Thermal dif- 
fusion of organic liquids, Barrier separations, 
Dialysis and electrodialysis, and Zone electrophore- 
sis; Laboratory extraction and countercurrent 
distribution; Crystallization and recrystallization; 
Centrifuging; Filtration; Solvent removal, evapora- 
tion, and drying. The different subjects are pre- 
sented by specialists in their fields. The subjects 
distillation, adsorption, and chromatography, that 





oo 


might be expected under separation and purification 
are treated fully in volumes IV and \ 

rhe fine style of presentation and format are con 
tinued The thorough continuous documentation 
enhances the reference value of the book which has 
an appended complete subject index to this 
volume This practical set of books has had wide 
acceptance for its earlier edition and the new edition 
will be welcomed by all reference libraries 


aiso 


The Reactive Intermediates of 
By JouHN E. LEFFLER 
Inc., New York 
cm Price $6 


Organic Chemistry 
Interscience Publishers, 
1956. ix + 275 pp. 16x 23.5 

his book attempts to provide some background 
information about stable radicals and ions that will 
be useful to those interested in organic reaction 
mechanisms, and to show some of the criteria for pre- 
The 
1 sharp distinction between fact and 
theory in this field is noted by the author. The 
text is divided under the following chapter headings: 
triarylmethyl radicals, unstable carbon 
diradicals, heteroradicals, carbonium ions by revers- 


ferring one type of intermediate over another 
ibsence of 


radicals, 
carbonium ions by dissociation 
conditions, formation of car 
bonium ions by addition reactions, analogs of car 
bonium ions, the formation of carbanions, reactions 
of carbanions, reactions of carbon 
icids, and radical and non-radical reactions. The 
text material is documented with 470 references, 
ind author subject indexes are appended 
[The book should interest teachers, graduate stu 
dents, and experimenters in organic syntheses 


ible dissociation, 


under irreversible 


base-catalyzed 


Organic Syntheses. Vol. 36. N. J. LEONARD, 
Editor-in-Chief John Wiley & Sons, Inc., New 
York, 1956. vi+ 120 pp. 15x 23.5cm. Price 
$3.75 

The thirty-sixth volume in 
methods for the 


ether, 


series includes 
bischloromethy] 
N-2-cyanoethyl 
l-cyano-3-phenylurea, 1,2-cyclodecanediol, 
1,1-dichloro-2,2-di- 
N,N-di 


this 
preparation of: 

a-chlorophenylacetic acid, 
iniline, 
cvyclodecanone m 
fluoroethylene, 
methylselenourea, 


methylglutaric 


diazomethane, 
N,N’-diethylbenzidine, 

ethyl diazoacetate, 8-ethyl-8 
ferrocene, 2-furoic acid, bD 
lactone, n-hexyl fluoride, 6-hydroxynico 
4-iodoveratrole, laurylmethylamine, p 
methoxyphenylacetonitrile, 3-methyl-4-nitropyri 
dine-!-oxide, a-naphthyl isothiocyanate, o- and p 
1,4-pentadiene, N-phenyl 
benzamidine, propiolaldehyde, putrescine dihydro 
chloride, 2-pyrrolealdehyde, sebacil, 
sulfopalmitic acid, tetraethyltin tetrahydrothio 
phene, p-toluenesulfonic anhydride, 2,4,6-tribromo 
benzoic acid In addition to the references cited 
with each method, a cumulative subject index for 
volumes 30-36 is appended 


acid, 
gulonk 


tinic acid, 


nitrobenzaldiacetate, 


sebact in, a 


Prévention et Traitement Spécifiques de la Tuberculose 
BCG méthylique. By 

NBEGRE Cie, Editours, 
16x 23cm. Price 


par le et par l’Antigéne 


Masson et 
242 pp 


L&OPOLD 
Paris, 1956 
1,800 fr 
his book (in French) by a collaborator of Albert 
Calmette (the C in BCG 


Vil + 


reviews the biological 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XLVI, No. 5 


properties of Bacillus Calmette-Guérin (the attenu- 
ated Koch bacillus), its chemical constituents and 
the tuberculosis vaccine prepared from it. The 
antigenic properties, the preventive power and 
retarding effect on the tuberculous process of the 
antigen, referred to by Négre as the methylic 
antigen, and described. This antigen, extracted 
with methyl alcohol from tubercle bacilli, previously 
defatted by extraction with acetone, is listed in 
medical dictionaries as Négre antigen. This antigen 
is stated to have the same action as GCB in preven 
tion of tuberculous lesions but differs in that it is 
not an allergen 

Extensive bibliographies are given for the dif 
ferent chapters, but the omission of an index 
limits ready access to the valuable material in the 
text. This authoritative monograph should be 
available to all workers in the field if immunology 


Peck with 
McGraw 
14 x 


Practical Dermatology. By SamugL M 
LAURENCE L. Patitz. Published by 
Hill Book Company, New York. 380 pp 
2lcm. Price $7 
This book is intended specifically as a survey for 

dermatologists. It describes dermatological dis- 
orders observed by the authors and the therapeutic 
measures they used in the professional practice of 
their specialty. In discussing the treatment of 
various conditions the authors cite the possible 
complications of internal medication and the sensiti 
zation or irritation potentials with external applica 
tions. No particular attempt is made to indicate 
the relative efficacy of different treatments for 
various conditions, but since the cited therapy 
represents the authors’ rationale it can be assumed 
to represent their considered choice. The book 
should be of particular interest to dermatologists 
and might be a useful handbook for the physician in 
general practice 


MICHAEL HEI 
Academic Press, New York, 1956 
14.5x 22cm. Price $4. 


Lectures in Immunochemistry. By 
DELBERGER 
ix + 150 pp 


This is a compilation of a series of lectures on 
selected topics, discussing their historical develop 
ment under the impact of the introduction of quanti 
tative analytical micromethods. Titles of the lec 
tures are: immunochemistry—past, and 
future; chemistry of antigens and antibodies; 
development of quantitative analytical methods in 
immunology—the precipitin reaction; bacterial 
agglutination and the consequences of quantitative 
studies on the precipitin and agglutinin reactions; 
relations between chemical constitution and im- 
munological specificity; complement and immune 
hemolysis; immunity; the formation, measure- 
ment, and persistence of antibodies in man after 
immunization; the precipitin reaction and studies of 
native and denatured proteins and derivatives. 
These lectures are clear, concise, informative, and 
very interesting. A bibliography is given for each 
one, but no general index is included 


present, 
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Volecules and Crystals 
ed By A. E. VAN 
lishers New 


14.5 x 22.5 cm 


2nd 
Pub 
pp 


in Inorganic Chemistry 
\RKEL, 
York 


Interscience 
Inc 1956. ix + 270 

rhis book is intended to give science or medicine 
students an insight into inorganic chemistry through 
the study of the heteropolar bond and the correlation 
of structure and properties which derived 
from it After a brief discussion of Bohr’s model of 
the atom and of the periodic system of the elements, 
the text is divided under the headings 
ical bond, the ionic 


can be 


the chem- 
bond, properties of ionic com 
chemical 


pounds, reactions, complex compounds, 


polarization, water as a component of compounds 
ind nonelectrostatic bonds An ap 
includes brief discussions on colloids, ad 
and additional 
\n index is included. The book is a useful 
monograph in this field and should be helpful to 
the fuller understanding of crystallography 


and solutions, 
pendix 
sorption 
lations 


phenomena, some calcu 


The 
Identification of Organic Compounds 

NICHOLAS D. CHERONIS AND 
Publishers, Inc 
774 pp 16 x 24 cm 


Semimicro Qualitative Organic Analysis Sys 
2nd 
Joun B 
New 


Price 


temalt 
ed By 
ENTRIKIN 
York, 1957 


$9 


Interscience 
X1V T 


his revised, reorganized and expanded edition 
includes new procedures for the identification of 
organic compounds and additions to the tabulated 
constants of compounds and derivatives 
rhe text is divided into four major parts: techniques 
of organic analysis, procedures for tentative identi 
fication of an unknown, procedures for final char 
acterization of an unknown, and tables of organic 
compounds with their and 
procedures are abundantly 


organk 


derivatives 
and 


constants 
rechniques and 
clearly illustrated and the language is direct and 
unmistakable Ihe book should interest 
text laboratory manual, and laboratories 
working with small amounts of material will want the 
new edition for its usefulness as a guide and refer 
ence volume. Many references to current text ma 
terial and for additional reading are given 
rate indexes for the text and the tables are appended 


teachers 


is a and 


Sepa 


Lipids Edited by G 
Interscience Pub 


xvi + 505 pp 


Biochemical Problems of 
PopjAK AND E. Le BRETON 
lishers New York, 1956 
16x 2 Price $10.75 


Inc., 
5 cm 

This is a compilation of 69 of the papers that were 
read and discussed at the Second International Con- 
ference on Biochemical Problems of Lipids held at 
the University of Ghent in July, 1955. The papers 
and the discussions that followed them are given in 
the language used. The papers are arranged under 
the section headings: physical and chemical proper 
ties, methods of separation, and structure of lipids; 
metabolism and biosynthesis, enzyme 
phospholipids and transport; and miscellaneous 
Bibliographies given at the end of 
the papers, and a limited general index is appended 
Students, investigators, and others interested in this 
field will find this book a good review of new ma 
terial 


systems; 


problems are 
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Fusion Method in 
WALTER C. McCrone, JR 
lishers, New York, 1957 


Price $6.75 


By 
Pub 
PP 


Caremical Vicroscopy 
Interscience 
Inc., vii + 307 

15.5 x 23.5 em 

rhe book opens with a detailed description of the 
scope and limitations of micromethods involving the 
the temperature control 


followed descriptions of commercially 


use of ind 


his is 


Thicroscopt 
by 
ivailable equipment, such as hot stages, cold stages, 
and hot bars; the general techniques for their cali 
bration and analytical ind discussions of re 
search applications of fusion methods. A third of 
the book is devoted to tables for the identification 
of organic compounds based on the measurement 
of melting points and refractive indexes of the melt 
Illustrations of the text include a number of colored 
Current given in the text 
a general index is appended. The book can 
text book laboratory manual for a 
teaching course or as a guide and reference for the 
practitioner in this field 


use 


plates references are 
ind 


serve as a and 


1 pplications 
Biologiques. By E. CALvE1 
Masson et Cie, Paris, 1956 
25 cm. Price 4,500 fr., 
5,200 fr 


Microcalorimétrie: Physicochimiques et 
AND H. PRAT 
viii + 396 pp. 17x 
paper back. Bound, 


This book (in French) is divided into three parts 
descriptions of the installation, connections, and the 
use of apparatus permitting microcalori 
metric measurements. The physical and chemical 
measurements that can be made with the equipment 
are related to specific heat, thermokinetics of the 
processes of adsorption, and the heat liberated or 
absorbed by different phenomena. The third part 
is devoted to results concerning the thermochemistry 
of biological phenomena, such as the germination of 
growth of microorganisms and of tissue cul 
tures, and the thermogenesis of animals, particu 
larly and \ general bibliography, 
author and subject the table of con- 
tents are appended 


precise 


seeds, 
insects miuce 


indexes, and 


1957. Edited by WALTER 
Publishing Company, Inc., 
153 pp. 14 x 21 cm 


Current Use 
Springer 


1957 


Drugs in 
MODELL 
New York, 
Price $2 
rhis annually revised alphabetical listing of drugs 

in common use provides a concise statement of their 

principal pharmacologic characteristics, major uses, 
properties, therapeutic 
toxic actions, administration, preparations, dosage, 
they are known. It 
As m 


Vill + 


physical absorption, and 


and specific antidotes where 


is a useful ready reference for the physician. 
most drug compilations, there is the one that slipped 


by: Emperin [sic] is listed as the APC formulation 
that is actually marketed as Empirin Compound 


Organic Synthesis. Vols. land II. Vol. I 
Chain Saturated Compounds. Vol. Il 
Chain Unsaturated Compounds, Alicyclic Com- 
pounds, Aromatic Compounds. By VARTKES 
MIGRAICHIAN. Reinhold Publishing Corporation, 


( Ipen 
Open 





JOURNAL OF THI 


New York, 
16 x 24cm 


1957. xli + 1822 pp. Each 


Price $35 for both volumes 


This book, 
order to 
reference 


ipparently published in two volumes in 


permit easier handling as a constant 
a systematic, integrated, and 
comprehensive presentation of the many aspects of 
synthesis. The text is divided into thirty 
chapters under the following headings: Vol. I 


hydrocarbons, alcohols, inorganic esters and carbo 


source, is 


organk 


hydrates; aliphatic 


reactions involving 


esters and related compounds; 
carbonyl compounds, formation; 
carbonyl compounds, part 1; reactions involving car 
iliphatic carboxylic acids; 
aliphatic acid 
and related compounds; aliphatic 
aliphatic amines 
iliphatic 


bonyl compounds, part 2, 
iliphatic 
halides, amides 


esters-ester condensations; 


nitriles 
an l 
pounds 


ind related compounds 
related halogen com 
Friedel-Crafts reaction 


iliphatic nitro and nitroso compounds, sulfonic and 


compounds 

Grignard reaction; 
ulfink acids, and related organo 
compounds; and organic compounds of 
nonmetals and metalloids Vol. Il 
unsaturated compounds with functional 
acetylenic compounds; Diene synthesis; 


hydrocarbons and their derivatives; aro 


compounds; 
metallic 
olefinic com 
pounds; 
groups 
ilu ve li 
matic 


hydrocarbons; phenols and quinones; aro 


AMERICAN PHARMACEUTICAL 


ASSOCIATION Vol. XLVI, No. 5 


matic carbonyl compounds; aromatic carboxylic 
acids and related compounds; aromatic amines and 
related compounds; aromatic 
aromatic halogenated compounds; 
and compounds; 
acids and related compounds 

Important reactions are discussed in detail with 
the effect of structural variations on the course of 
reactions and any being 
indicated. The amount of information 
available has largely determined the relative space 
allotted to a given subject rhis is further indicated 
by the references which are given at the end of each 
chapter literature 
emphasizes the practical approach of the author 
Iheoretical discussions and industrial applications of 
reactions are not included, and reaction mechanisms 


diazo compounds; 
nitro 


sulfonic 


aromatic 


nitroso and aromatic 


exceptional behavior 


essential 


The thorough coverage of the 


are mentioned only when their essential correctness 
is acknowledged All 
majority of 


heterocyclic 


reactions excepting the 
formation ol 
represented \ third 


volume is contemplated to cover those 


those leading to the 


bodies are 


The index which covers volumes I and II occupies 
88 pages and is cross-indexed to enable easier use of 
the book as a 
graduate students will find the book invaluable, and 
it should be included in 


reference source Teachers and 


ill reference libraries 





BOOKS 


RECEIVED 





ni l 19357 Edited by WALTER 


Springer Publishing Company, Inc 
152 pp. 14 x 21 cm 


Mope.! 
York, 


Price $2 


New L957 vin + 


hn ue Oreant 


hmigt Chemistry. Vol. III. Part I] 
Edited by ARNOLD 
Publishers, Inc 


Price 


Engineering 
W BISSBERGER 
Ne Ww y 


SS 


Laboratory 
Interscience 
ork, 1957. ix 


+ 391 pp 16x 23cm 


nical Phy ey The Functional Pathology 
Disease Edited by ARTHUR GROLLMAN M« 
Graw-Hill Book Company, Inc., New York, 1957 
854 pp. 16x 23.5cem. Price $12.50 
mic Synthe Vols. Land Il. Vol. I 
Chain Saturated Compounds Vol. Il 
Chain Unsaturated Compounds, Alicyclic Com 
pound \romatic Compound By VARTKES 
MicrpicuHi1an. Reinhold Publishing Corporation, 
New York, 1957. xli + 1822 pp. Each 16 x 24 
cm Price $35 for both volumes 
nd Nonofhi Remedi¢ 
the Council on Pharmacy 
Lippincott C 
582 pp. 12.5x 19.5 ¢em 


xvi + 
Open 
Open 


1957 Evaluated by 
ind Chemistry 1B 
Philadelphia, 1957. xxv 4 


Price $3.35 


ompany 


menclature of Chemical Compounds Edited by 
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Hormones, Brain Function, and Behavior. Edited by 
HupDSON HOAGLAND Academic Press, Inc., New 
York, 1957. 257 pp. 15x 23.5cm. Price $7 

Verchandise Control in the Retail Pharmacy. By 
RicHARD J. Hampton. State College of Washing 
ton, Pullman, 1957. viii + 96 pp. 15 x 23 cm 
Price $1.50 

Heterocyclic Compounds. Vol.6. Edited by RoBErt 
C. ELperRFIELD. John Wiley & Sons, Inc., New 
York, 1956 Price 

$25 
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23.5em. Price $6.50 
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Dictionary of Microbiology. By Morrts B. Jacoss, 
Maurice J. GeRsTeIN, and WILLIAM G. WALTER 
D. van Nostrand Company, Inc., Princeton, N. J 
1957. 15x 23.5cem. Price $6.75 

Handbook of Material Trade Names. Supplement I 
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Ava Flavors, produced by successful 
specialists in the flavoring of medicinals, 
will effectively overcome most 
palatability problems confronting 
pharmaceutical manufacturers. 


Alva produces both natural and 
artificial flavoring materials in 
conventional liquid form or in an 
hermetically sealed dry powder form 
called “Sealva flavors.” 


Suggestions, technical data and 
flavor samples will be submitted 
at your request. 


A lva VAN AMERINGEN-HAEBLER, INC. 
521 WEST 57th STREET, NEW YORK 19, N. Y 


qrAVORs 





Accurate! 
KIMBLE VOLUMETRIC FLASKS 


if your work demands accuracy, it demands Kimble tlasks 


Every Kimble Volumetric 
Flask is individually retested. 

Calibration standards used 
in the production of Kimble 
volumetric flasks are ten 


times more accurate than the produced 
pieces must be —one more effective pre- 
caution to insure accuracy. Graduation 
lines are fine and sharp to permit easy 
and precise setting of the meniscus. 
Kimble flasks are sturdy, clear and 
highly polished. Their low center of 


KIMBLE LABORATORY GLASSWARE 


AN (D PRODUCT 


Volumetric Flasks Nos. 28010 (50 m 
28010 (200 ml.); 28015 (100 ml.); 
28015 (25 ml 


gravity provides maximum stability. 

All flasks are thoroughly annealed to 
increase mechanical strength. They are 
inspected in a field of polarized light 
to insure effective annealing. 

There is a Kimble glassware item 
available to fill every laboratory need. 
Your laboratory supply dealer is ready 
with complete information. Or write 
Kimble Glass Company, subsidiary of 
Owens-Illinois, Box 1035, Toledo 1, 
Ohio. 


Owens-ILLInoIs 


GENERAL OFFICES + TOLEDOI, OHIO 





